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As a result of recent investigations, the clinical value of the determi-
nation of vital capaci.ty in disease:; of the heart and lungs has attracted 
attention, especially since this measurement is often found to be greatly 
reduced by nrious pathologic conditions of these organs. It has long 
been recognized, however, that in order for the determination of the 
vital capacity to be of any great practical value, it is necessary, first, to 
determine the normal relationship existing between it and other body 
measurements. Investigators, therefore, have attempted to establish 
normal standards for vital capacity based on age, height, body weight, 
stem length, trunk volume and surface area, but in most instances have 
neglected to determine the extent of normal variability. Since for any 
body measurement the lung capacity is known to show a certain amount 
of variability, it is clear that in order to detect abnormal fluctuations, 
the extent of normal variability must be determined first. Therefore, 
in connection with the study of vital capacity for children, an attempt 
is made to es~imate the extent of normal variability during childhood. 
I am indebted to Drs. R. E. Scammon and Wm. Hart for valuable 
advice concerning the statistical treatment of the data presented in this 
paper. 
1. Material a11d M ethods.-Observations are reported for 2,509 
normal and healthy children, 1,289 boys and 1,220 girls, ranging in age 
between 4 and 19 years inclusive. The data (sexes separated) are 
averaged according to age in Tables 1 and 2, according to standing 
height in Table 3, 4, S and 6, according to sitting height in Tables 7, 8, 
9 and 10, and finally according to body weight in Tables 11 and 12. 
In addition, observations are recorded for fourteen boys and twenty-six 
girls (Table 13) afflicted with mitral in ufficiency of varying degrees 
of severity; for seventeen boys and fourteen girls (Table 14) suffering 
from acute bronchitis; for four boys and five girls (Table 15) with 
pneumonia; for thirteen boys and four girls (Table 16) subject to 
asthma; and lastly for seventy-nine boys and seventy-one girls (Tables 
~ 17 and 18) having tuberculosis. The total of all the observations for 
0 vital capacity, including both the normal and also the pathologic cases, i amounts to 1,420 with the boys and 1,342 with the girls, a grand total 
of 2,762 cases. 
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The vital capacity was measured by means of an accurately cali-
brated wet spirometer, which offered very little resistance to expiration. 
The children were carefully instructed to take the deepest possible 
im:piration, and to empty the lungs completely into the spirometer. As a 
rule, small groups were taken at a time, so each subject understood 
from observation how to cooperate to the best advantage. Every child 
was permitted several trials, and the maximum repeatedly expired 
was recorded as the vital capacity. The children were urged to do their 
best, and usually the spirit of competition was sufficiently keen to 
make one reasonably certain that the records obtained represent the 
best effort they were capable of exerting. In instances where the 
cooperation of the child was unsatisfactory, the data were discarded. 
Furthermore, children having an unusually low vital capacity were 
included in the averages only in case they gave no history of chronic 
heart or lung disease. So far as possible all children suffering from 
acute respiratory infections were excluded from the averages. The 
vital capacities recorded are not corrected for temperature, aqueous 
vapor tension, or for variations in barometric pressure. 
The children were weighed wearing their ordinary indoor winter 
clothing. In order to obtain the net weight, the weight of the clothing 
(computed as recommended by Bardeen 1 ) is deducted from the 
observed gross weight. The standing height (in stocking feet), and 
also the sitting height (measured with the children seated against a 
perpendicular scale) was recorded for each child in the majority of 
instances. 
In the analysis of the data for the normal children, as averaged 
according to age, standing height, and stem length, in each case 
statistical methods are employed to calculate the degree each average 
might be expected to fluctuate ·were observations obtainable upon an 
infinitely large number of comparable series of cases, and also to 
determine the extent of absolute and relative variability of vital capacity, 
by the estimating of the probable error, the standard deviation, and 
by computing the coefficients of variation, respectively. 
The possibility of deriving the approximate normal vital capacity 
by the estimating of the probable error, the standard deviation, and 
for any known age, standing height, sitting height, or weight, by means 
of empirical formula is discussed later on. 
2. Vital Capacity and Age.-The averages for the vital capacity of 
the lungs at different ages, as estimated from the nearest birth day, 
1. Bardeen, C. R.: Weight for Height charts for school boys and girls, 
Bull. Univ. Wis. Beyer: Growth of U. S. Naval Cadets, Proc. U. S. Naval 
Inst. 21, 1895. 
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are recorded in Tables 1 and 2. Since there is a sexual difference in 
vital capacity at corresponding ages, the data for the boys and girls 
are averaged separately in the tables. In most instances the number 
of subjects in each group is sufficiently large to render the means fairly 
significant, especially for the boys from 6 to 16 years, inclusive, and 
for the girls from 6 to 15 years. For the other groups the averages 
recorded are probably . of less significance, due to the fact that they 
include relatively fewer observations. 
Between 6 and 16 years of age, inclusive, the average vital capacity 
of the lungs with the boys (Table 1) shows an increase from 1,154 to 
3,425 c.c., the absolute gain during the ten years amounting to 2,271 c.c. 
When expressed in terms of relative increase, this gain amounts to 
about 197 per cent. Consequently, at 16 years of age the average 
vital capacity for the boys is practically three times as great as the 
initial value at 6 years. 
With the girls between 6 and 16 years of age, inclusive (Table 2), 
the average vital capacity increases from 1,085 to 2,778 c.c. The 
absolute gain in this case amounts to 1,693 c.c., or approximately 578 
c.c. less than the increase registered by the boys during a similar period. 
The relative increase for the ten years amounts to approximately 156 
per cent. with the girls, as compared with 197 per cent. gain for the 
boys. Consequently, at 16 years of age the vital capacity with the 
girls is only two and one-half times as great as the initial 6 year average. 
As is true of physical measurements in general, the vital capacity 
likewise fluctuates within rather wide limits. Thus, at practically each age 
the maximum vital capacity recorded (Tables 1 and 2) is two or more 
times as large as the minimum observed. On inspecting the individual 
data, however, it is found that in many cases these extreme variations 
in lung capacity at each age, paralleled to some extent the individual's 
variation in size from the average of his respectiYe groups. Thus, the 
unusually low vital capacities recorded, were obtained, a a rule, from 
children considerably below the average size for their age, whereas the 
maximum readings were usually for children considerably larger than 
their group average. The absolute extent of the variation becomes 
larger as the vital capacity increases, and also is usually greater for the 
boys than for the girls of corresponding age. Although absolute 
variability evidently increases with age, and differs for each sex, it does 
not necessarily follow that relative variability obeys the same rule. In 
order to determine the degree of relative variability in vital capacity 
at different ages, and for each sex, it is necessary to resort to methods 
of statistical analysis of the data. This is attempted in a succeeding 
paragraph. 
TABLE 1.-NoRMAL BoYs. AGE, NuMBE.R OF CASES, AVERAGE STANDING HE.IGHT, AVERAGE AND RANGE OF VITAL CAPACITY, MEAN VITAL 
CAPACITY DETERMINED BY GRAPHIC INTERPOLATION, ABSOLUTE A ND PERCENTAGE ANNUAL INCREASE IN VITAL CAPACITY, FORMULA FOR 
COMPUTING VITAL CAPACITY FROM AGE WITH VALUE OBTAINED BY USE OF FORMULA, PROBABLE ERROR, STANDARD DEVIATION, AND 
COEFFICIENT OF VARIATION 
Average Minimum Maximum I Mean V. O. I V. 0. as Absolute I Percentage F.mp1rical Formula Probable Standard Coefficient 
Age in No. ol Standing Vital Vital Vital I Determined Annua l Yearly Computed and Values for Error of Devi a- of Varia-
Yen rs Oases Height, Capacity, Capacity, Capacity, by Graphic 
Increase Increase by Formula Constants Used for Random tion, ti on, 
Om. O.c. O.c. O.c. I lnterpola- in V. 0., . in Vital y=(ax)±b Each Age Group Sampling, 
O .c. per Cent . 





4 6 103.4 i92 500 900 79"2 
791 y=V.O. 
5 20 106.8 927 600 1,150 958 
166 21.0 969 a =Age in years 
6 62 112.2 1,154 800 1,600 1,124 166 
17.3 1,146 x == 177.5 15.6 182 15.8 
7 112 116.9 1,200 900 2,200 l,304 
180 16.0 1,323 b = +81 12.3 194 
15.0 
8 98 121.8 1,468 1,050 2,100 1,491 
187 14.3 1,501 15.0 220 
15.U 
9 110 129.9 1,715 1,200 2,300 1,679 
188 2.6 1,679 15.8 246 
lU 
------------
10 87 133.4 1,872 1,400 2,660 1,859 
180 10.7 1,856 y=V. O. 18.9 262 
14.0 
11 113 137.8 1,991 1,300 2,800 2,015 
156 8.2 2,034 a = Age in years 17.l 270 
13.6 
12 114 142.4 2,182 1,300 3,300 2,210 
195 9.0 2,212 x = 178.0 b= +76 21.5 340 
15.6 
13 132 148.7 2,458 1,700 4,000 2,451 
241 10.9 2.450 y=V.O. 25.2 I 430 li.5 
14 177 154.8 2,712 1,400 4,300 2,77~ 
321 13.1 2,760 a= Age in years 24.5 4Sl 17.8 
15 155 159.9 3,145 1,850 4,400 
3,094 322 11.6 3.070 x = 310.0 29.8 
551 17.5 
16 67 167.2 3,425 2,100 4,300 3,417 
323 10.8 3,380 b=-1,580 47 .2 573 
16.7 
li 23 171.4 3,776 2,400 4,500 
3,708 289 8.5 3,600 
18 9 172.0 3,9"22 2,750 4,400 
3,999 281 7.6 4,000 I 19 4 168.2 4,300 4,100 4,500 4,300 301 7.5 4,310 I 
TABLE 2.-NoRMAL GIRLS. AGE, NuMllER OF CASES, AVERAGE STANDING HEIGHT, AvERAGE AND RANGE OF VITAL CAPACITY, MEAN VITAL 
CAPACITY DETERMINED BY GRAPHIC INTERPOLATION, ABSOLUTE A ND PERCENTAGE ANNUAL INCREASE IN VITAL CAPACITY, F ORMULA FOR 
COMPUTING VITAL CAPACITY FROM AGE WITH VALUES OBTAINED BY USE OF FORMULA, PROBABLE ERROR, STANDARD DEVIATION, AND 
CoEFl'lCIENT OF VARIATION 
Average :Minimum :Maximum Mean V. C. , Absolute Percentage V. C. as Empirical Formula Probable Stand ard Coefficient 
Age in No. of Standing Vital Vital Vital Determined Annual Yearly Computed and Values for Error of I Devia- of Varin-
Years Cases Height. Capacity, Capacity, Capacity, by Graphic 
1 
Increase Increase by Formula Constants Used for Random ti on, ti on, 
Cm. C.c. C.c. C.c. Interpola- in V. C., in Vital y =(ax) ± b l~ach Age Group Sampling, I C'.c. per Cent. 
tion, C.e. C.c. Capacity C.e. y =(ax)± b C.c. 
--- - - ------ ·----- - --------- - --- ------
4 9 95.4 664 350 850 644 644 y =V. C. in Cm. 
5 26 106.4 888 600 1,200 852 208 32.3 819 a= Age in years 
6 62 111.5 1,085 700 1,600 1,045 193 22.7 99:) x = 175.3 14.0 163 15.0 
7 81 114.4 1,228 900 1,800 1,215 liO 16.3 1,170 b=-57 13.6 181 14.7 
8 76 121.0 1,401 800 l,950 1,373 158 13.0 1,345 15.4 199 13.5 
9 73 127.0 1,513 . 1,000 2,250 1,524 151 11.0 " 1,521 18.1 229 15.1 
10 117 132.1 1,672 900 2,400 1,685 161 10.6 1,696 17.0 273 16.3 
11 119 135.9 1,799 1,250 2,560 l,871 186 ll.0 l,Sil 14.9 241 13.4 
12 135 144.0 2.053 1,400 2,900 2,085 214 ll.4 2,0&'i y = V. C. in Cm. 19.9 343 16.7 
13 162 151.4 2,349 1,550 
I 
3,600 2,309 224 10.7 2,268 a= Age in yea rs 21.7 409 17.5 
14 192 156.6 2,607 1,900 3,800 2,511 20"2 8.7 2,451 x = 183.0 17.5 361 13.9 
15 131 157.8 2,70'2 1,900 3,700 2,676 165 6.6 2,634 b = - 111 24.3 413 15.3 
:6 29 160.1 2,7i8 2,050 3,500 2,817 141 5.3 2,817 
------
17 7 162.6 2,943 2,250 
I 
3,400 2,955 138 y = V. 0. in Cm. 
18 1 162.0 3,100 ..... . .... 3,100 145 4.9 2,958 a= Age in years 
4.9 3,100 x = 141.2 
b= + 558 
-
8 
The general trend of the increase in the average vital capacity of 
the lungs with advancing age is shown graphically in Figure 1. In 
order to eliminate minor fluctuations the curves have been smoothed by 
means of graphic interpolation. This produces a curve which probably 
conforms more exactly with the type of curve that would be obtained 
from averages based upon an infinitely large number of cases, and 
probably represents more nearly the true mean vital capacity. The 
mean vital capacity at each age, as determined by graphic interpolation, 
is recorded in Tables 1 and 2, and represented in graphic form in 
Figure l. The actual averages for the vital capacity are represented in 
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Fig. !.-Showing smoothed curves representing the average absolute increase 
in the vital capacity of the lungs as determined by graphic interpolation, for 
boys between 4 and 19 years of age inclusive, and for girls between 4 and 18 
years of age inclusive. The actual averages at each age for the boys are 
represented by dots and by circles for the girls. Vital capacity in liters is 
represented on the ordinate, and age in years on the abscissa. The solid line 
represents the boys; the broken line the girls in this and Figures 2, 3 and 4. 
the smoothed curve of vital capacity for each sex tends to assume a 
concave form corresponding closely with the curve based on the actual 
averages. From 4 to 11 years, inclusive, the curve for boys is practically 
a straight line, due to the . fair uniformity of the yearly increase in 
vital capacity. This is followed later by a period of acceleration 
reaching a maximum at 14 years, which apparently is fairly well 
maintained, although at a reduced rate, at least until 19. This accounts 
largely for the general concavity of the curve. 
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There appear, therefore, to be three main phases in the curve 
representing the increase in vital capacity for the boys between 4 and 
19 years: ( 1) a period of fairly uniform increase between 4 and 10; 
(2) a period of acceleration extending from 12 to 14, and (3) a period 
of uniform but less rapid increase in vital capacity to 19. 
The smoothed curve of vital capacity (Fig. 1) for the girls likewise 
shows several phases. Between 4 and 6 years of age the curve rises 
rather abruptly. From 7 to 10 the annual increase in vital capacity is 
fairly uniform but slower than during the earlier period. An accelera-
tion in the rate of increase occurs at 11 and persists until 13. Due, 
in part, to the failure of this rapid yearly increase in vital capacity to 
continue during the following five years, the concavity produced by the 
prepubertal acceleration in the curve of vital capacity as plotted against 
age is much less marked for the girls than for the boys, and also does 
not extend over as great a period of years as with the former. 
The accelerated increase in vital capacity appearing at 11 and 
12 years of age for the girls and boys, respectively, is, no doubt, related 
to the normal prepubertal acceleration of the growth of the body as 
a whole. 
The difference in vital capacity between girls and boys at corre-
sponding ages, is clearly shown by the curves in Figure 1. Throughout 
the period studied the boys have the larger lung capacity. At 6 years 
the difference amounts to approximately 79 c.c., which at 10 years has 
increased to 174 c.c. Subsequently the girls show a more rapid increase 
in vital capacity which reduces the difference to 125 c.c. at 12 years of 
age. From the fourteenth year on, the difference in vital capacity 
between the two sexes, rapidly increases. 
As long ago as 1854 Wintrich 2 noted the existence of a sexual 
difference in the vital capacity of the lungs, and observed that this 
difference persists until old age. Since then this observation has been 
confirmed frequently by practically all investigators who have studied 
the subject. Among the more recent and extensive observations on 
children, the data collected by Gilbert,3 for 1,279 boys and 1,244 girls, 
and also Smedley's 4 averages for 2,788 boys and 3,471 girls, show the 
vital capacity at all ages to be larger for the boys. Baldwin 5 apparently 
2. Wintrich, M. A.: Einteilung zur Darstellung der Krankheiten der Res-
pirations organe. Virchow, R.: Handbuch der speciellen Pathologie u. Therap. 
92, 1854. 
3. Gilbert, J. A. : Researches on the Mental and Physical Development of 
School Children. Studies from Yale Psychological Laboratory, 2. 1894. 
Researches on School Children and College Students. University of Iowa 
Studies in Psychology. 1. 1897. 
4. Smedley, F. W.: Report of Commissioner of Education 1. 1902. 
5. Baldwin, B. T.: Physical Growth and School Progress, U. S. Bureau 
of Education Bull. No. 10. The Normal Child. Its Physical Growth and 
Mental Development, Pop. Sc. Monthly 85. 1914. 
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is the only one who has obtained different results. He slates that 
boys have a greater lung capacity on the average than the girls, except 
between 13 and 14 years of age when just the reverse is true. l\Iy own 
data indicate a larger vital capacity for the boys at all ages, and thus 
are in agreement with the findings of Gilbert, Smedley and others. 
The absolute yearly increase in vital capacity for the boys (Table 1) 
is fairly uniform until 10 years of age, but at the eleventh year the 
increase is considerably lower than that registered at any other time. 
Following this period of retardation, the absolute annual growth in 
vital capacity becomes accelerated and until 19 years maintains a more 
rapid rise than occurs at any earlier age. 
With the girls the average absolute annual increase in vital capacity 
(Table 2) also is fairly uniform between 6 and 10 years of age. Start-
ing at 11 years (one year earlier than noted with the boys), the absolute 
annual increase becomes accelerated, but is maintained only until the 
fifteenth year; whereas with the boys the vital capacity continues to 
grow rapidly until 19 years of age. This results on a marked divergence 
at the period between the curves for vital capacity for the two sexes 
when plotted against age. The greatest annual gain in vital capacity 
amounted to 323 c.c. for the boys during the fifteenth year, as com-
pared with a smaller maximum of 224 c.c. for the girls at 13 years 
of age. 
A consideration of the percentage annual increase in vital capacity 
gives one a conception of the relative rapidity of growth in this respect 
at different ages. With the boys the rate of relative increase diminishes 
rapidly from an average annual gain between 4 and S years of 21 per 
cent., to a minimum rate of 8.2 per cent. at 11 years of age. During 
the following three years, the rate of growth of lung capacity becomes 
relatively more rapid, rising to 13.1 per cent. at 14 years, but later 
steadily declines. 
With the girls the relative increase in vital capacity decreases from 
32.3 to 10.6 per cent. between S and 10 years inclusive. During the 
following two years the rate of annual growth becomes more rapid, 
amounting to 11.4 per cent. at 12 yoors as compared with a rise to 
13.l per cent. for the boys at 14. Following this period of acceleration, 
the rate of increase in lung capacity diminishes rapidly. . 
In general, then, for each sex the relative rate of annual growth in 
vital capacity shows a tendency to decrease during early childhood, 
becomes slightly more rapid about the time of the advent of puberty, 
and later gradually declines. The period of acceleration in the rate of 
lung capacity growth begins and terminates at an earlier age with the 
girls than with the boys. 
The data published by Smedley,4 which are the most extensive series 
of observations on children at present available in the literature, like-
11 
wise show that the rate of annual increase in vital capacity diminishes 
during early childhood, rises about the time of puberty and later 
declines. Ilis averages also indicate that the prepubertal acceleration 
appears later. and is relatively greater with the boys than with the girls. 
If we now return to a consideration of the smoothed curves of 
\'ital capacity as plotted against age (Fig. 1) it is found possible to 
diYide the cunc for each sex into three phases, so selected that each 
segment conforms closely to straight lines of different incliniation. 
Thus for the boys the portions of the curve between 4 and 9 years, 
bet\\·een 10 and 12 years, and between 13 and 19 years deviate but 
slightly from the straight lines connecting these various points. Like-
11·ise, with the girls the successive segments from 4 to 11, 12 to 14, 
and 15 to 18 years of age, inclusive, also conform rather closely to the 
different straight lines drawn through these points. 
The value of any point upon a straight line may be readily deter-
mined by means of the empirical formula y =ax + b, where y = 
the unknown value, a= a known variable, x =a constant, and b =a 
second constant. It follows, therefore, that the vital capacity between 
successive segments of the curve conforming closely to a straight line 
may be determined in a fairly satisfactory and accurate manner by 
employing the above formula where y = the vital capacity to c.c., a= 
the age in years, x =a constant, and ± b =a second constant. The vital 
capacity as derived by formula, and also the different values for the 
constants x and b are given in Tables 1 and 2. On inspecting the data 
the computed vital capacities are found to agree rather closely with 
the means as determined by graphic interpolation. With the boys the 
greatest difference occurs at 16 years where value derived by formula 
is 37 c.c. too low. For the girls the greatest deviation amounts to 
60 c.c. at 14 'years. Evidently, therefore, the vital capacity of the 
lungs for each between certain ages, may be derived with fair accuracy 
by means of a simple straight line formula. 
The necessity of establishing some relationship between the vital 
capacity of the lungs and other body measurements in order to be of 
any practical clinical value has long been recognized. In 1846 Hutchin-
son,6 by inventing the spirometer, was the first to obtain extensive and 
accurate records of vital capacity. From this scientific pioneer study 
Hutchinson concluded that a definite relationship exists to standing 
height, the vital capacity increasing in a simple arithmetical progression 
with increase in height. For each additional inch with individuals between 
5 and 6 feet tall he states that 8 additional cubic inches of air at 
60 F. may be given out by a forced expiration. Hutchinson also 
6. Hutchinson. J.: On the Capacity of the Lungs and on the Respiratory 
Functions, Med. chir. Tr. 29, 1846, Lancet 1· 1846. 
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recognized that weight, age and sex might modify averages to some 
extent, but believed, however, that no definite relationship existed 
between vital capacity and either the body weight, the sitting height, or 
the chest circumference. 
Fabius 7 pointed out the occurrence of marked individual variation 
from averages based on height. He asserted that the vital capacity 
divided by the product of. of the stem length (measured from the 
external accipital protuberance to the tip of the coccyx) and the chest 
circumference produced a constant which varied only a slight extent 
with different individuals. The cause of this variability in the constant 
Fabius attributed to differences in age and chest expansion. Fabius 
emphasized, therefore, that the length, circumference and mobility of 
the chest should be measured in determining whether or not an indi-
vidual's vital capacity is normal. 
Wintrich 2 investigated the vital capacity of the lungs of 3,500 
healthy persons including 500 women. He noted that during child-
hood age influenced the vital capacity markedly, and also that a sexual 
difference persisted into old age. Wintrich was interested mainly in 
the relationship between vital capacity and height. 
Schneevoogt 8 concluded that standards of vital capacity in relation 
to age and height are of the most practical value, and claimed that 
deviations of 500 c.c. from such standards could not be assumed to be 
necessarily abnormal. . 
Arnold 9 found extremes of fluctuations to be greater when com-
parisons were made on a basis of stem length, rather than on standing 
height. In discussing the smaller vital capacity of the lungs of women 
as compared with the men relative to height and chest circumference, 
Arnold points out that the chest expansion is less for the females 
than for the males. 
From a study of the vital capacity of the lungs of 515 students, 
Kottelman 10 observed that the lung capacity increases with age faster 
than the growth in body length occurs. MacDonald 11 points out that 
the data presented by Kottelman also show that weight increases with 
age more rapidly than increase in lung capacity. 
7. Fabius, H.: De spirometro ejusque usu observationibus cum alioum, 
tum propriis illustrato, Diss. Amsterdam, Ztschr. rationell. Med. 4. 1853. 
8. Schneevoogt, G. E. V.: Ztschr. rationelle med. 9, 1854, (cited by Lungs-
gaard and Van Slyke). 
9. Arnold, F.: Ueber die Athmungsgrosse des Menschen, Heidelberg, 1855. 
10. Kottelman, L.: Die Karper verhalt nisse der gelehrten Schi.iler des 
J ohannaens in Hamburg, Ztschr. d. Koniglch Preussischen statistischen Bureaus, 
Berlin, 1879. 
11. Mac Donald, A.: Experimental Study of Children, U. S. Bureau of 
Education Report of Commisioner 1, 1897. 
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The existence oi a relationship between vital capacity and weight 
is disputed by Hall.12 This observer arrived at the unique conclusion 
that the vital capacity varies directly with the strength of the individual. 
Bohr 13 objected to the use of standing height for estimating the 
normal vital capacity on the grounds that the individual variability is 
so great as to render this method inapplicable. He maintained that the 
total and residual air as well as the vital capacity should be determined, 
and placed greater emphasis upon the percentage relationship between 
these various subdivisions of the total lung volume, than on their 
absolute value. Hasselbach,13a Rubow, 14 Siebeck,1 5 Bie and Maar 16 
and Flesch 11 also investigated the relationship between the total lung 
Yolume, the middle and vital capacities and the residual air in normal 
and pathologic conditions, and likewise were interested more in the 
relative than in the absolute value of the different volumes. 
Peabody and Wentworth,18 studying the vital capacities for a group 
of 140 healthy adults (ninety-six males and forty-four females), 
divided the subjects into three groups according to their height and 
considered the average vital capacity for each group as a normal stand-
ard for corresponding height. Of the ninety-six men, 84 per cent. 
registered vital capacities falling within 10 per cent. of their respective 
normal. These same authors, in a study of a small group of cases, 
have also found a rather close relationship to the body surface area. 
Recently Lundsgaard and Van Slyke 19 have claimed that the vital 
capacity of the lungs is closely related to the calculated chest volume. 
12. Hall, W. S.: Changes in the Proportions of the Human Body During 
the Period of Growth, J. Authropol. Inst. of Great Britain and Ireland 25, 1896. 
13. Bohr, C.: Die funktionellen Aenderungen in der MitteJlage und Vital 
Kapazitat der Lungen, Deutsch. Arch. f. klin. Med. 88, 1906. 
13 a. Hasselbach, K. A.: Ueber die Einwinkung der Temperatur auf die vi tale 
:\Iittelage der Lungen. Ueber dje Total Kapazitat der Lungen, Deutsch. Arch. 
f. klin. med. 93. 1908. 
14. Rubow, V.: Untersuchungen iiber die Atmung bei Herzkrankheiten; 
ein Beitrag zum Studium der Pathologie des kleinen Kreuslaufes, Deutsch. 
Arch. £. Klin. Med. 92, 1908. 
15. Siebeck, R. : Ueber die Beinflussung der Atemmechanik <lurch krank-
hafte Zustande des Respirations und Kreislaufapparates, Deutsch. Arch. f. klin. 
:IIed. 100, 1910. 
16. Bie, W., and Marr, W.: Dem Fall von angeborenem Herzfehler mit 
Cyanose und Polyglobulie, Deutsch. Arch. f. klin. Med. 99, 1910. 
17. Plesch, J.: Die pathologische Physiologie des Lungen volumens und 
seine Beziehung zum Kreislauf, Ztschr. f. Exper. Path. u. Therap. 13: 1913. 
18. Peabody, F. W., and Wentworth, J. A.: Clinical Studies on Respiration. 
IV. The Vital Capacity of the Lungs and Its Relation to Dyspnea, Arch. Int. 
:lied. 20:468 (Sept.) 1917. Peabody, F. W. : Cardiac Dyspnea, Am. J. M. Sc. 
155: 100, 1918. 
19. Lundsgaard, C., and Van Slyke, D. D.: Studies of Lung Volume 1. 
Relation Between Thorax Size and Lung Volume in Normal Adults, J. Exper. 
M. 27: 651, 1918. ' 
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The chest they considered as a geometrical figure and the product of 
three dimensions was considered to represent a volume proportional 
to the chest volume. The height of the chest was taken as the length 
of the sternum from the superior border to a point just below the 
articulation with the xiphoid cartilage. The depth was taken as the 
horizontal distance from the middle of the sternum at the \eye\ of the 
insertion of the third costal cartilage, to the spinal column; and the 
breadth as the distance across the sixth rib in the mid axillary line. 
The normal vital capacity in man and its relation to the size of the 
body has also been the subject of a paper published recently by 
Dreyer.20 Based largely on the data of Hutchinson 6 and Schuster, 21 
together with some observations of his own, Dreyer has claimed that 
the vital capacity is a function of the weight. This, he says. can be 
expressed by the formula w• = K, where W is the net weight in grams, 
v.c. the vital capacity in c~bic centimeters, the power n is 0.72, and K 
is a constant. He further states that since it is already established that 
~· = K 2 where W = net weight, S = body surface and n is 0.72, it 
follows that the vital capacity is a simple function of the body surface. 
The relation between the vital capacity and stem length Dreyer finds 
to be correctly expressed by the formula SH' = K 3 where SH = the v.c. 
stem length in centimeters, v.c. =vital capacity in cubic centimeters, 
the power n is approximately 2, and K 3 is a constant. Between the 
vital capacity and the chest circumference the existing relation can be 
expressed by the formula ~~~ = K 4 , where Ch= circumference of chest 
in cubic centimeters, v.c. =the vital capacity in centimeters, the power 
n is approximately 2, and K 4 is a constant. 
Also SHv~.Ch = K 5 where SH stem length in centimeters Ch= chest 
circumference in centimeters v.c. = vital capacity in cubic centimeters, 
and K 5 is a constant. Dreyer has pointed out, therefore, that the 
vital capacity is definitely related to the 0.72 power of the weight, 
directly to the body surface area, to the square of the stem length, t_o 
the square of the chest circumference, and to the trunk volume ( esti-
mated as the product of the chest circumference and stem length), and 
states that the above is also the order of the importance of these 
relations. 
In discussing the variability of vital capacity in normal persons, 
Dreyer shows that for the 16 individuals which he studied the mean 
deviation, as estimated by the method of least squares, of the va)ues 
20. Dreyer, G.: Investigations on the Normal Vital Capacity jn Man an~ 
its Relation to the Size of the Body, Lancet 2:227, 1919. Dreyer, G., an f 
Burrell, L. S. T. : The Vital Capacity Constants Applied to the Study 0 
Pulmonary Tuberculosis, Lancet 1 : 1212, 1920. 
21. Schuster, E.: First results from the Oxford Authropometric Laboratory, 
Biometrika 8, 1911. · 
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for K computed from the formula based on the two thirds and the 0.72 
power of the body weight, in the two cases amounted to 3.56 and 2.6-t 
per cent., respectiYely, or distinctly lower when the best power for the 
weight (0.72) is used. This, Dreyer says, indicates that if a person 
is found to have a vital capacity 6 per cent. smaller or larger than that 
calculated from his body surface, he probably has a normal vital capac-
ity, and if the Yitai capacity is 10 per cent. above or below the normal 
it is almost certain to be abnormal. On using the data of Fitzgerald. 
Purefoy and Haldane,22 however, a mean deviation of 15.8 per cent. 
is obtained, or five times as great as in Dreyer's series. Dreyer attributes 
this great difference in variability to the fact that the observations of 
Fitzgerald, Purefoy and Haldane were carried out on a more highl)' 
mixed material. He also calls attention to the differences in vital 
capacity exhibited by the different classes studied by Hutchinson, which 
apparently have nothing to do with fundamental bodily deficiencies but 
are simply a result of conditions depending upon occupation and mode 
of life. 
The existence of normal individual difference of vital capacity has 
constituted a real difficulty in its practical clinical application, but aside 
from this study of Dreyer's, apparently no one has attempted to estimate 
its extent by statistical methods. It is absolutely essential to determine 
the magnitude of the deviation from the average met with in normal 
and healthy individuals, before it is possible to decide whether the vital 
capacity for any given person should be considered normal or abnormal. 
Knowing the extent of normal variability of vital capacity also enables 
one to more fully appreciate both the limitations and the possibilities 
of its applicability in clinical work. In this study an attempt is made 
to determine the extent of variability of vital capacity during childhood. 
Before entering into a consideration of the normal variability, a 
consideration of the reliability of the averages obtained for the vital 
capacity seems appropriate. The measure of the trustworthiness of an 
average derived from a limited number of observations is furnished by 
the so-called probable error of randll111 sampling. To be more explicit, 
the probable error of random samµling is a measure of the extent that 
the average values would be expected to vary, were the observations 
made at random upon an infinitely large number of comparable series 
of cases, and is so chosen, that half of these values would lie inside, 
and half outside the limits of the probable error. Therefore in an 
infinitely large series roughly 50 per cent. of the averages will fall 
within the limit of the range of the probable error about the average 
based upon a limited number of cases. The probable error assumes 
22. Fitzgerald. Purefoy. M., and Haldane, J. S.: The Normal Alveolar 
Carhonic Acid Pressure in Man, J. Physiol. 32, 1905. 
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the data to be technically correct, and has nothing to do with inaccu-
racies in measurement. The probable error of the average or mean 
vital capacity at each age has been calculated by means of the formula 
0.6745 X v~ where S =standard deviation, and n =number of obser-
vations, and the results obtained may be found in Tables 1 and 2. The 
derivation and significance of the standard deviation is discussed at a 
later time. 
During childhood it appears that in general, for the various groups, 
the calculated probable error of random sampling for each sex (Tables 
1 and 2) constantly increases with advancing age. For the boys the 
value 15.6 c.c. at 6 years has increased· to 29.8 c.c. at 15 years of age. 
With the girls during this same period the probable error increases 
from 14 at 6 to 24.3 at 15 years. In applying this information we can 
conclude for the boys at 15 years of age, that were the vital capacity 
taken for a large series of comparable groups of individuals the chances 
are that half these series would show averages falling between 3,145 c.c. 
± 29.8 c.c., while the remaining 50 per cent. lie either above or below 
this limit. In other words, for boys a.t this age, 50 per cent. of all 
group averages can be expected to vary not more than 29.8 c.c. above 
or 29.8 c.c. below that obtained. Derivations markedly beyond these 
limits probably indicate the existence of biological differences between 
the groups concerned. 
The most commonly used measure of the dispersal of the individual 
measurements from the average of the sum of all the observations is the 
standard deviation. The standard deviation is obtained first by squar-
ing all the deviations from the average, summing these squares, and 
then dividing this sum by the number of deviants, which gives the mean-
square deviation. The square root of this mean-square deviation is 
designated as the standard deviation. The practical value of the stand-
ard deviation lies in the fact that it indicates the degree of the absolute 
variability, within the limits of which the probability is that the 
measurement obtained is more apt to be normal, and commonly the 
greater the deviation beyond the limits established by the standard 
deviation the greater the probability is that the measurement is abnor-
mal. It is also particularly useful in the determination of measures of 
interrelationship. 
The standard deviation from the average vital capacity of the lungs 
at each age has been calculated for the boys between 6 to 16 years, 
inclusive, and from 6 to 15 years for the girls (Tables 1 and 2) · The 
number of subjects in each group during this period was considered 
sufficiently large to justify the procedure. Between 6 and 16 years of 
age for both sexes the absolute value of the standard deviation increases 
roughly three fold. With the boys it increases from about 182 c.c. at 
._____ ___________________________ ... 
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6 years to 573 c.c. at 16 years. If we attempt to apply this information 
in considering whether or not any single observation falls within normal 
limits, then at 16 years of age the vital capacity in individual cases 
might nry 573 c.c. either above or below the average value of 3,425 
c.c. at this age, and could not be considered as definitely abnormal. 
In clinical work, however, those subjects approaching the lower limits 
of normal variability would, no doubt, cause the greater concern. 
With the girls the standard deviation (Table 2) increases from 
163 c.c. at 6 years to 413 c.c. at 15 years. At corresponding ages the 
absolute value of the standard deviations are usually somewhat smaller 
for the girls than for the boys. 
In order to make comparison between the relative degree of vari-
ability of the vital capacity at different ages, it is necessary to reduce 
the various standard deviations to a comparable basis. This is readily 
accomplished by computing the percentage that the standard deviation 
at each age forms of the average vital capacity for that period. This 
relatiYe variability constant is known as the coefficient of variation, and 
is in reality the per cent. that the standard deviation forms of the 
respective mean or average. 
For the boys the coefficient of variation (Table 1) between 6 and 
11 years of age apparently decreases from 15.8 to 13.6. Thus at 6 
years the normal variability of vital capacity expected is approximately 
15.8 per cent. above or below the average for that age, which at 11 
years has decreased to 13.6 per cent. During the following years the 
vital capacity becomes considerably more variable, the coefficient of 
variation at 14 years rising to 17.8, with apparently a tendency to 
decrease during the succeeding two years. 
For the girls the coefficient of variation (Table 2) decreases from 
15 at 6 years to 13.5 at 8 years. Subsequently it rises, reaching a 
maximum of 17.5 at 13 years, one year earlier than the maximum 
coefficient of variation recorded for the boys. Later the variability 
apparently decreases. At 11 years of age an unusually low coefficient 
of 13.4 was obtained from the data, which possibly may be accidental 
in character. On consideration of the extent of variability in vital 
capacity it appears that for each sex variability decreases during early 
childhood, increases about the period of puberty, and later declines. In 
the main essentials the general trend of the variability in vital capacity 
is quite similar to that noted in respect to variability in weight and 
height during growth, for sim"ilarly the variability of these two physical 
measurements decreases at first, rises to atta-in a maximum about the 
time of puberty, and then diminishes again. 
Although the standard deviation and the coefficient of variation gives 
a rough measure of the degree of absolute variability, a further con-
ception of variability may be gained through the determination of the 
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probable error of the data. Provided the curve of distribution of the 
individual observations conforms to the ideal mathematical type of 
symmetrical distribution curve, the statistical constant known as the 
probable error of the data establishes limits within which approximately 
50 per cent. of all observations taken at random will be expected to 
fall. Of the remaining 50 per cent. of observations, 25 per cent. will lie 
above and 25 per cent. below the limits established. The probable error 
of the data may be computed by means of the formula 0.6745 X SD, 
where SD is the standard deviation. In general, if a large number of 
observations is collected, one finds that the majority occur near the 
average value for the measurement taken, and the greater the deviation 
from the average the smaller the groups become. The frequency or 
distribution curve plotted for extensive series of observations often is 
found to conform very closely to the ideal symmetrical mathematical 
type of distribution or probability curve. Under such circumstances 
the determination of the probable error of the data of this series of 
observations is of especial significance as explained above. \~ith respect 
to the observations on the vital capacity of the lungs the value and 
significance of the distribution curves based upon this data is greatly 
limited due to the small number of observations available. The data 
at present are insufficient to establish definitely the character of their 
distribution curve. At same later time it is hoped to be able to 
accumulate enough data to definitely establish an approximate limiting 
distribution curve for this measurement. To date, however, the curves 
obtained for the vital capacity in general appear to conform fairly 
well with the ideal symmetrical mathematical distribution curve. For 
the present, therefore, I feel it safe to assume that approximately 
50 per cent. of cases taken at random will have vital capacities falling 
within the limits established by the probable error of the standard 
deviation for the group concerned. Twenty-five per cent. will lie above 
and 25 per cent. below these limits. If expressed in terms of per cent., 
the children constituting the last group, in general, have vital capacities 
10 per cent. or more below the expected normal. By recording any 
individual vital capacity, one thus may easily classify the patient as to 
the group to which the child belongs. Subjects falling into the group 
representing the poorer one fourth of the child population are children 
who probably deserve special study to eliminate pulmonary or cardiac 
disease as a factor causing their low standard of physical fitness. 
Experience has shown, however, that an apparently normal vital capac-
ity does not exclude the necessity of thorough examination when the 
patient is suspected of having tuberculosis, for occasionally the vital 
capacity may be normal as compared with averages, even in the presence 
of serious disease of the lungs. Should the accumulation of more 
extensive observation on the vital capacity of the lungs reveal the fact 
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that the frequency curve derived from such data does not conform to 
the ideal symmetrical mathematical probability curve, but shows a 
certain definite skewness the above statements necessarily must be 
modified. 
3. Vital Capacity and St.anding Height.-In Tables 3 and 4 the 
data have been averaged in groups (sexes separated), each group 
including subjects differing 5 cm. or less in standing height, age and 
other physical measurement being disregarded. With a growth from 
an average of 108 cm. to 168 cm. in height, the vital capacity for the 
boys (Table 4) has increased from 1,074 c.c. to 3,625 c.c., an increase 
of 2,551 c.c. Thus, with an increase of 60 cm. in standing height 
representing approximately 54.5 per cent. growth of this measurement, 
the vital capacity has increased more than 237 per cent. On the whole, 
then, growth of vital capacity at this period with the boys, occurs 
about four times as rapidly as the growth in height. 
For the girls, accompanying a growth in height from 108 cm. to 
168 cm. the Yitai capacity (Table 4) increases from 1,022 c.c. to 
3,017 c.c. This increase of 1,995 c.c. represents a percentage increase 
of about 195 per cent., as compared with 237 per cent. with the boys 
for a corresponding growth in height. Nevertheless, also with the 
girls the lung capacity increases more rapidly than increase in height 
occurs. 
The increase in lung capacity for each sex as plotted against stand-
ing height is represented graphically by means of smoothed curves (as 
determined by graphic interpolation) in Figure 2. The curves for each 
sex when determined by this method tend to pursue a sinuous course, 
being somewhat concave in form with the boys up until the standing 
height reaches approximately 175 cm., and with the girls until they 
become about 165 cm. tall. Beyond these points the direction of each 
curve changes tending to straighten out to some extent. The greater 
vital capacity for the boys as compared with the girls of corresponding 
height is clearly shown. The extent of the difference between the 
boy and girls in general. appears to increase constantly as they grow 
taller. If we analyze the curves more completely we find that with the 
boys the increase in vital capacity plotted against height, is fairly 
uniform until the individuals are about 148 cm. tall. With growth 
from 148 cm. to 173 cm. in height, the increase in vital capacity becomes 
more rapid, but beyond 173 cm. it diminishes considerably in rate. 
For the girls the most rapid increase in vital capacity accompanies 
the growth in height from 143 to 160 cm. 
The absolute increase in vital capacity (Tables 3 and 4) which 
accompanies each successive growth of 5 cm. in standing height is fairly 
uniform with the boys until they become approximately 143 cm. tall, 
and with the girls until they reach a standing height of 138 cm. At 
TABLE 3.-NORMAL BOYS. NUMBER OF CASES, AVERAGE STANDING HEIGHT, AVERAGE VITAL CAPACITY, MEAN VITAL CAPACITY AS 
DETERMINED BY GRAPHIC INTERPOLATION, ABSOLUTE AND PERCEN TAGE INCREASE IN VITAL CAPACITY ACCOMPANYING EACH 5 CM. 
GROWTH IN HEIGHT, VITAL CAPACITY AS CoMPUTF.D FROM HEIGHT BY FORMULA FOR EACH HEIGHT GROUP, PROBABLE ERROR, STANDARD 
DEVIATION, AND COEFFICIENT OF VARIATION 
Average Mean V. C. Absolute Percentage Vital Probable I Coefficient 
Number Standing Vital Determined Increase Increase Capacity as Empirical Formula Error of Standard of Varia-
of Height, Capacity, by Graphic in Vital In Vital Computed for Each Height Group Random Deviation, ti on, 
Oases Cm. C.c. Interpolation, Capacity, Capacity, by Formula Y= (ax) ±b Sampling, O.c. per 
C.c. C.c. C.c. Y=(ax)±b C.c. Cent. 
3 98 837 837 838 Y=V. C. 
6 103 788 912 75 9.0 963 a = Heigbt in Cm. 
40 108 1,074 1,062 150 16.4 1,089 x=25.1 15.0 140 13.0 
83 113 1,190 1,194 132 12.4 1,214 b =-1,622 11.0 149 12.5 
84 118 1,332 1,340 146 12.2 1,340 11.1 151 11.8 
89 123 1,474 1,500 160 11.9 1,499 I y=V. C. 12.6 176 11.9 
96 128 1,690 1,674 174 11.6 1.68.! a= Height in Cm. 13.6 197 11.7 
109 133 1,828 1,853 179 10.7 1,869 x=37 12.2 188 10.3 
118 138 2,060 2,034 181 9.8 2,054 
I 
b=-3,052 14.0 227 11.l 
123 143 2,230 2,220 186 9.1 2,239 15.5 255 11.4 
114 148 2,359 2,423 203 9.1 2,424 15.8 278 11.8 
______ , ___________ 
97 153 2,594 2,660 237 98 2,659 y=V. C. 18.1 264 10.2 
115 158 2,936 2,935 255 9.5 2,948 a= Height in Cm. 22.4 357 12.2 
75 163 3,173 3,243 308 10.5 3,237 x == 57 .8 29.l 373 11.7 
77 168 3,625 
I 
3,547 304 I 9.4 3,526 b =-(1,181 31.7 413 11.5 35 173 3,919 3,815 268 7.6 3,815 1------: 
16 178 4,09.! 4,020 205 5.4 4,020 y=V.C. I 3 
\ 
183 4,167 4,175 155 3.9 4,160 a= Height in Cm. 
l 188 4,300 I 4,300 125 3.0 4,300 I x=28 b=-964 I I 
----
-
TABLE 4.-NORMAL GIRLS. NUMBER OF CASES, AVERAGE STANDING HEIGHT, AVERAGE VITAL CAPACITY, MEAN VITAL CAPAC[TY AS 
DETERMINED BY GRAPHIC INTERPOLATION, ABSOLUTE AND PERCENTAGE INCREASE IN VITAL CAPACITY ACCOMPANYING EACH 5 CM. 
GROWTH IN HEIGHT, VITAL CAPACITY AS COMPUTED FROM HEIGHT BY FORMULA, FORMULA FOR EACH HE[GllT GROUP, PROBABLE 
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these points the absolute increase rises rapidly reaching a maximum of 
308 c.c. for the boys when 163 cm. tall, as compared with 209 c.c. for 
the girls at a standing height of 153 cm. Subsequently the absolute 
increase for each sex steadily declines. Evidently, therefore, with each 
sex the increase in vital capacity for each 5 am. growth in height is not 
uniform throughout childhood. Hutchinson's conclusion, based on data 
collected largely from adults, that vital capacity increases in a simple 
arithmetical progression with increasing height certainly does not apply 
to the period of childhood. Dreyer has demonstrated recently from . 
Hutchinson's data that this contention was erroneous, and has shown 
that even for adults the vital capacity is not a simple function of the 
body height, since it increases in an irregular manner and not at a fixed 
rate with each unit increase in height. 
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Fig. 2.-Showing smoothed curves representing the average absolute increase 
in the vital capacity of the lungs as determined by graphic interpolation, for 
boys between 0.98 and 1.88 meters tall inclusive, and for girls between ~.9S 
an? 1.73 meters tall inclusive. The actual observed averages at each stand~n~ heigh~ a~e r~pres~nted by dots for boys, and by circles for th~ gir~s. Vi::s 
capacity m liters is represented on the ordinate and standing height in rnet 
on the abscissa. ' 
The relative increase in vital capacity accompanying each 5. ctn· 
growth in standing height (Tables 3 and 4) apparently diminish~s 
throughout childhood. There is a slight indication of an increase in 
percentage growth in vital capacity for the boys between 153 and 168 c~1· standing height, and for the girls from 148 to 153 cm. tall. ~he ~light tendency to acceleration in rate after an earlier period of decl~ne 
is .much less striking in the case of the averages based on standing 
height, as compared with that based on age. 
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As in the case of the curves for vital capacity as plotted against 
age, likewise those plotted against standing height may be divided into 
several phases so selected that each phase conforms very closely to a 
straight line. The empirical formula y = (ax) ± b by which each of 
these straight lines may be derived, therefore, affords a fairly satis-
factory method by which the vital capacity at any height may be com-
puted when y = the vital capacity, a = the standing height in cm., 
x = a constant, and ± b = a second constant. The vital capacities, as 
computed by means of the above formula, are recorded in Tables 3 
and 4, and, in general, agree fairly closely with the averages as 
determined by means of graphic interpolation. The constants used in 
computing the values for each portion of the two curves may be 
obtained by referring to Tables 3 and 4. 
The probable error of random sampling (Tables 3 and 4) computed 
for the vital capacities as averaged according to standing height, in 
general, with each sex tends to become larger as the individuals grow 
taller and have a greater lung capacity. For all groups, however, the 
probable error is comparatively small. 
The standard deviations about the means based on standing height 
(Tables 3 and 4) for each sex tend to increase as the groups become 
taller, and are, as a rule, greater for the boys than for the girls of 
corresponding height. In general, the absolute values obtained for the 
standard deviation seem to be somewhat greater when the data are 
averaged in groups differing one year in age, as compared with the 
deviation occurring when the subjects are averaged in groups differing 
5 cm. in standing height. 
On reducing the standard deviation to the coefficient of variation 
(Tables 3 and 4) one finds the vital capacity from each sex to become 
relatively less variable with increasing height until they become 133 cm. 
tall. Subsequently the variability increases 2 per cent. for a short 
period and later declines. The general trend of relative variabil\ty in 
vital capacity with relation to average based upon either age or height 
are quite similar, in both instances showing a tendency to decrease at 
first, followed by a period of increased variability, which later declines 
again. The actual values for the coefficients of variation (Tables 3 
and 4), for the most part, vary between 10.5 and 12.5. It appears, 
therefore, that individual records of vital capacity fluctuating between 
12 per cent. above, or 12 per cent. below the average expected for 
corresponding height, could not be interpreted as definitely abnormal. 
Should the record vary more than 12 per cent. below the averages, the 
individual record immediately falls into the class that are apt to be 
abnormal, and such persons, no doubt, should be examined with care 
to determine the cause of thei r low standard of physicla fitness in this 
re5pect. 
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If the coefficients of variation for the averages based on age are 
compared with those derived from averages based on height, the values 
will be found to be considerably higher in the fonmer case. Due to the 
presence of less variability, it appears, therefore, that averages based on 
grouping of the subjects differing 5 cm. in standing height, for more 
satisfactory normal standards, than the averages based on age at yearly 
intervals. 
By distributing and averaging the cases at each age according to 
height, as accomplished in Tables 5 and 6, one is able to gain some 
conception of the influence of these two factors on the vital capacity. 
\Vhen arranged in this manner it is plainly evident that at any age the 
taller subjects tend to have a much larger vital capacity than the shorter 
ones of the same age. This holds true for the girls as well as for the 
boys. The difference is quite considerable in many instances. Thus, 
for example, at 14 years of age the average vital capacity for twenty-
five girls approximately 150 cm. tall was 2,292 c.c., whereas for 
thirty-five girls of the same age but approximately 15 cm. taller, the 
vital capacity averaged 2,824 c.c. or 532 more than for the shorter 
group. The condition of other ages is similar. It is evident, therefore, 
that at any age differences in standing height influence the vital capacity 
to a considerable degree. If we now consider the influence of age on 
the vital capacity for individuals of about the same standing height 
no such striking difference is found. In several instances the average 
vital capacity is slightly greater for the older than for the younger 
individuals of corresponding average height, but this is not consistently 
the case. On the whole, it seems clear that the difference in the vital 
capacity of the lungs among children of the same age but differing 
considerably in height, is far more striking than the differences noted 
among children of the same height but of different age. However, in 
comparing individual records '':'ith .normal standards it is probably 
advisable to take both age and height mto consideration. 
4. Vital Capacity and Sitting H eight.-In Tables 7 and 8 the data 
for each sex have been aver~e~ i~ gro~ps, each group including sub-
jects differing 2 cm. or less m s1ttmg height. 
For the boys the averages (Table 7) indicate that with an increase in 
stem length from 57 to 87 cm. the vital capacity increases from 1,071 to 
3,607 c.c. Hence, with a .growth of 30 cm. in stem length, the vital 
capaci~y shows. an average mcrease o~ ~,536 c.c., or nearly 237 per cent. 
With the g1rls (Table 8) for a similar growth in sitting height, the 
vital capacity increases from an average of 908 c.c. at 57 cm. stem 
length to 2,967 c.c. at 87 cm. stem length. The percentage increase 
in this case amounts to 1:7 per cent., or approximately 40 per cent. 
less than the increase registered by the boys for a similar growth in 
TABLE 5.-VITAL CAPACITY, IN CUBIC CENTIMETERS, OF NORMAL BOYS, FOR EACH 5 CM. DIFFERENCE IN STANDING HEIGHT AT EACH 
AGE, AND AVERAGE VITAL CAPACITY FOR EACH 5 CM. OF GROWTH IN HEIGHT, COMBINING ALL AGES 
St anding Height 
Age in Yenrs 
s ..................................... ~ :7 r 1:7 1_:~8 1:5 1;:5 .~~3 .. ~~. .]~. .1~. 1-!~l._r~s. .1~3. .l~. <~3~ .]~. -~~~ .li~~ I-~~~ .~~8. 6................. •• . . . . . . . . . . . . . . . . . . . . . .. . 808 1,122 1,159 1,245 l,333 . ... . . ... . . . .. . . ... . . ... • . ... . . .. . . . ... . . . . . . . .. . . . ... . . . . . . . ... . 7. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . 1,079 1,21~ 1,303 1,396 l,~20 ... : . 2.200 .. .. . .. .. . . .... \ .. . . . .. ... I ..... I ..... I . . . . . . . . . . .. .. . 
8...................................... . ... . ... . . .... . 1,24- 1,355 1.480 1,107 1,650 l.800 . . . . . .... . .. . . . . .... ... . . . .. . . . . .. . . . . . . .. ... ' .... . 
9...................................... . ... . . ... . . ... . 1,400 1,450 1,537 1,672 J,794 l 99"2 2,075 .... . 
10........... ... ............... . . .. • • . . . .. . . . . . . . . . . . . . . .. . . 1,525 1,660 1,662 1,872 2 COl 2,227 1,000 
11...................................... . .... . . .. . .... . .... . .... . 1,463 1,808 1.827 2 005 2,150 2,184 
12................. ........ . ........ .. . . .. . • . . . .. • . . . .. • . . . . .. . . . 1,300 1,575 1.EOO 2 059 2.151 2,323 2,655 2,975 
13......... ... ........................ .. ... . . .. . . . . ... . . ... . . ... . . . .. . . . . .. 1,908 2,132 2,244 2,3i8 2,546 2,768 
14....... . .. . . . . .. .. . . . . .. . . .. . . . . . . . . . . . . .. . .. . . . .. .. . . . .. . .. . . . . . . . . . . .. . . . . . . 1 938 2,298 2,400 2,584 2,906 
15. . . . .. . . . . . . .. .. .. . . . . .. . . .. . . . . . .. . . . .. . . . .... . .. .. • .. . . . . .. . . . . . . . .. . . . . .. .. . . . . 2,445 2,565 2,727 2,971 
~!:::::::::::::::::::::::::::::::::::::: ::::: ::::: I::::: ::::: ::::: ::::: ::::: I::::: : ::: ~·:~~ ~·:~~ ~·:~~ H~ 
















4,050 I 4,300 
4,400 
Absolute increased vital capacity ... · 1·-83717881.074\"J.100\J.332\l.lli \1.600 -1,828 \ 2.050\2.230 p:SW-\2.594\2.936\"3.173\ 3.625 \3.91914.004 -4.167\4.300 
TABLE 6.-VITAL CAPACITY, JN CUBIC CENTIMETERS, OF GIRLS, FOR EACH 5 CM. DIFFERENCE IN STANDING HEIGHT AT EACH AGE, AND 
AVERAGE VITAL CAPACITY FOR EACH 5 CM. OF GROWTH IN HEIGHT, COMBINING ALL AGES 
Age in Years 
L:::::::::-:-::_:_::-:-::-:-::-_:-:-::-:-::_:_::-:-::_:_:·-::-:-::-:-:: :~~2 . :~ -~- 15 1 ~~;: i~~ i~i~ ~1:~~ :7· . 7: :7 . 7: i· 7~1 7 i 7:11 :163: I~~. II :1~3: 
1...... . . ... ................................... ..... ..... ..... 950 1,094 l,1 31 1,239 1356 1.440 1.800 ..... .. I . ... . ..... . ........ ... . 
Str.nc!ing Heig ht 
8........... .... .. . .. . . . . . . ... . . . . . . . .. . . . .. ... .... . .... . . ... . 900 1,000 1,231 1,311 1.444 1.455 1,780 . ... . . .... 
9............ . ........ . . . ............. . ........ . . . . . .. .. · 1 ·. . . . . ... . . ... . 1,150 1,294 1.430 ].(;09 1,687 1,820 1,850 
10........... .... .. . .. . . . . . .. . . . . . . . . . ... . . .. .. . . ... . . .... . ... . .... . . ... . 1,075 1,333 1,423 1,588 l.684 1,821 1,980 2.183 2,150 
~L::::::::::::::::::::::::::::::::::::::::::: ::::: ::::: ::::: ::::: ::::: ::::: ~ .. ~25 UtJ i:~~ g~ ~:g.;J ~:~ ~:m g~ 2,533 2,950 
it::::::::::::::::::::::::::::::::::::::::::: ::::: ::::: 1 ::::: ::::: ::::: ::::: ::::: ::::· '.':6~ ]:~~ ~:.~~ Hn HE tm Hil ~:~1 rn~ 3·100 
16........ . ............ . ................... .... . . . . . . . . . . . .. .. . .. . .. .. . .. .. . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . 2,733 2,786 2,733 2,850 
17..................................... . .. .. .... . . .. . . ... . .... . .. .. . .... . .. .. . .... . . . . . . . .. . . .. . . . . . . . . . .. . . . . . . 2,250 .. .. . 3,030 3,100 
Average vlt•l capacity ................ . .. ... --;n2 ~ ~ ---s5l 1,022 1,118 1,238 I 1,412 1 1,555 1,698 1,870 2,005 . 2,2lll 2,449 -2.661\ 2,855 3,017 3,100 
TABLE 7.-NORMAL BOYS. NUMBER OF CASES, SITTING HEIGHT, AVERAGE VITAL CAPACITY, VITAL CAPACITY AS DETERMINED BY 
GRAPHIC INTERPOLATION ABSOLUTE AND PERCENTAGE INCREASE IN VITAL CAPACITY ACCOMPANYING EACH 2 CM. GROWTH IN STEM 
LENGTH, VITAL CAPACITY AS COMPUTED FROM SITTING HEIGHT BY FORMULA, WITH FORM ULA USED IN COMPUTING THE VITAL 
CAPACITY, CORRECTED SITTING HEIGHT AND VALUES DERIVED FROM FORMULA SQUARE OF SITTING HEIGHT IN CM., PROBABLE 
ERROR, STANDARD DEVIATION, AND COEFFICIENT OF VARIATION 
Mean Vital Absolute Percentage 
Capacity Increase in Yearly Vital 
Average as Vita.I On- Increase in Capacity Formula Used for Cor- Probable Standard Coeffi-
Number Sitting Vital Determined pacity with V. 0. with ns Each Sitting Height rected S. H.2 Error of Devin- clent of 
of Height, Capacity, by Each 2 Om. Each 2 Cm. Computed Group Sitting 
-- Random tion, Vari a-
Cases Cm. C.c. Graphic Growth in Growth Jn by y =(ax) ±b Height v. c. Sampling, C.c. tion, 
Interpo- Standing Standing Formula C.c. per Cent. 
lation, Height, Height, y=(ax)±b 
C.c. Cm. Cm. 
9 53 975 975 975 y=V.C. 51.4 2.71 .... . .. . ... 
7 55 1,036 1,034 59 6.1 1,058 a= Sit. Ht. in Cm. 53.3 2.75 
27 57 l,()il 1,123 89 8.6 1,141 x = 41.5 55.3 2.72 13.9 151 14.l 
51 59 1,190 1,214 91 8.1 1,224 b = - 1,224 57.2 2.70 11.3 139 11.'; 
75 61 1,302 1,307 93 7.7 1,307 59.2 2.68 10.6 187 14.4 
78 63 1,425 1,434 127 9.7 1,434 Y=V.C. 61.1 2.60 10.9 209 14.7 
76 65 1,557 1,576 142 9.9 1,586 a= Sit. Ht. in Cm. 63.1 2.53 12.1 221 14.2 
84 67 1,719 1,733 157 10.0 1,738 x=76 65.0 2.44 12.G 219 12.8 
73 69 l,9"23 1,800 159 9.2 1,890 b=-3,354 66.9 2.42 15.2 217 11.3 
78 71 2,054 2,038 146 7.7 2,042 f.S.9 2.31 15.7 214 10.9 
79 73 2,159 2,178 140 6.8 2,194 70.8 2.30 16.4 258 12.0 
113 75 2,300 2,326 148 6.8 2,346 72.8 2.28 15.1 239 10.4 
83 77 2,497 2,497 171 7.4 2,498 74.7 2.23 18.5 276 11.1 
60 79 2,671 2,686 189 7.6 2,686 y=V. C. 76.6 2.18 23.3 287 10.7 
91 81 2,881 2,887 201 7.5 2,908 a= Sit. Ht. in Cm. 78.6 2.14 24.5 346 12.0 
64 83 3,104 3,104 217 7.5 3,130 x=lll 80.5 2.09 26.2 383 12.3 
49 85 3,29"2 3,342 238 7.7 3,352 b= -6,083 82.5 2.07 31.7 3&2 12.4 
47 87 3,607 3,580 238 7.1 3,574 84.4 1.93 35.5 317 8.8 
32 89 3,897 3,796 216 6.0 3,796 86.3 1.96 46.4 328 11.4 
16 91 3,913 3,967 171 4.5 3,967 y=V. C. 88.3 1.97 
6 93 4,142 4,123 156 3.9 4,119 a= Sit. Ht. in Cm. 90.2 1.97 
4 95 4,275 4,275 152 3.7 4,273 x = 76.5 b = -2,994 9"2.2 1.99 
-· 
TABLE 8.-NORMAL GIRLS. NUMBER OF CASES, SITTING HEIGHT, AVERAGE VtTAL CAPACITY, VITAL CAPACITY AS DETERMINED BY 
GRAPHIC INTERPOLATION, ABSOLUTE AND PERCENTAGE INCREASE IN VITAL CAPACITY ACCOMPANYING EACH 2 CM. GROWTH IN 
STEM LENGTH, VITAL CAPACITY AS COMPUTED FROM SITTING HEIGHT BY FORMULA, WITH FORMULA USED IN COMPUTING THE VITAL 
CAPACITY, CORRECTED SITTING HEIGHT AND VALUES DERIVED FROM FORMULA, SQUARE OF SITTING HEIGHT IN CM ., PROBABLE 
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28 
s1ttmg height. For both sexes, however, the total relatiYe increase in 
vital capacity exceeds that for the stem length. Dreyer claims that the 
vital capacity is related to the square of the sitting height. \Vhether 
or not this applies to the period of childhood will be considered later. 
The curves of vital capacity as plotted against sitting height are 
somewhat irregular when drawn from the actual averages. In order to 
eliminate the minor fluctuations they have been smoothed by means of 
graphic interpolation (Fig. 3). The n1eans for the vital capacity 
derived in this manner for each sitting height are recorded in Tables 
7 and 8. 
In general, the smoothed curves plotted against stem length for each 
sex are quite similar to those plotted against either age or standing 













~~~~$~~M~ M ~Tinn n~ ~moom•~m~~ 
Fig. 3.-Showing smoothed curves representing the average absolute increase 
in the vital capacity of the lungs as determined by graphic interpolation, for 
boys with an increase in sitting height from 0.53 to 0.95 meters inclusive and 
for girls with an increase in sitting height from 0.51 to 0.91 meters inclusive. 
The actual observed averages at each stem length are respresented by dots for 
the boys and by circles for the girls. Vital capacity in liters is represented on 
the ordinate, and sitting height in meters on the abscissa. 
capacity, followed by one of more rapid increase, and finally enters a 
phase of greater retardation in rate of growth of lung capacity. On 
the whole, the curves tend to a ume a concave form throughout the 
greater extent of their course, the concavity being more marked with 
the boys than with the girls. At corresponding sitting height the 
curves show clearly a greater vital capacity for the boys than for 





The absolute increase in vital capacity which accompanies each 2 cm. 
increase in sitting height (Tables 7 and 8) is fairly uniform for each 
sex at stem lengths ranging from 63 to 75 cm. At this point the absolute 
increase tends to rise reaching a maximum of 238 c.c. for the boys 
and 149 c.c. for the girls , at stem lengths of 85 and 79 cm., respectively. 
\\-ith each further increase of 2 cm. in sitting height the gain in vital 
capacity for each sex progressi,·ely diminishes. 
The relati\·e increase per 2 cm. growth in sitting height, in general. 
appears to diminish at first as the stem length increases, reaching a 
minimum of 6.8 and 6.6 per cent. for the boys and girls, respectively, 
at 73 cm. sitting height. Subsequently, the relative rate of increase 
in vital capacity rises lightly with the boys to about 7.7 per cent. when 
the average sitting height is 85 cm., but later declines again. \\"ith 
the girl the tendency for the relative increase in lung cap..1.city to rise 
after an earlier period of decline is much less pronounced. It appears, 
however, that the rapidity of the decline in rate of percentage gain in 
vital capacity is greatly retarded at sitting heights ranging from 73 
to 81 cm. 
The relation between sitting height and vital capacity has been fully 
discussed by Dreyer. 20 Thi,, investigator states that the relationship 
between these two measuremenb may be expressed correctly by the 
formula ~'.~'. = K, where SI l =stem length in centimeters, \·.c. = 
vital capacity in cubic centimeters, the power 11 is approximately 2, and 
K is a constant. In other words, the vital capacity is related to the 
square of the itting height. Dreyer bases this opinion on an analysis 
of the data of I Iutchinson and Schuster, on sixteen personal observa-
tion , which to a large extent included observations mainly on adults. 
The average value for the constant obtained by Dreyer when derived 
in the above manner is 1.9 for males. 
Dreyer measured the stem length by a special teclmic, seating the 
subject on the floor with his back against a perpendicular triangular 
projection, to which a ~cale is attached. On account of the influence of 
the muscles, the stem length taken when the subject is seated on a chair 
is found to be about 3 per cent. greater than those obtained by the method 
Dreyer used. ince the sitti ng heights for the children reported in this 
paper were obtained with the subjects seated on a chair, against a 
perpendicular wall, it is necessary to reduce my averages 3 per cent. to 
render them directly comparable with the measurements by Dreyer. 
The corrected sitt ing heights are recorded in Tables 7 and 8. 
The values for K with the boys (Table 7) as derived from the 
averages of vital capacity for each corrected itting height during 
childhood are by no means a constant. The results obtained show a 
gradual decrease from an average of 2.71 to 1.93 with an increase in 
sitting height from 53 to 87 cm. \Vith further growth in stem length 
30 
the value determined for K remains practically constant, possibly tend-
ing to increase slightly a
2
s sitting height increases. It. is evident, the.re-
fore, that the formula SH = K is not a correct express10n of the relation 
between the vital capa~·iiy and sitting height for the boys. Apparently 
this relation is not fully established until well into the latter half of 
childhood. At this period my data for children give a constant ( 1.93) 
which is very close to that obtained by Dreyer ( 1.90) for adults. 
With the girls accompanying a growth in stem length from 51 to 
83 cm., the values derived for K decrease from 3.27 to 2.39, but sub-
sequently remains fairly constant. 
It is evident, therefore, that a constant relation between the square 
of the sitting height and vital capacity also does not exist with the 
girls in early childhood, and apparently is not established until the 
girls obtain a sitting height of approximately 79 cm. 
The higher values for the constant with the girls, indicates a 
relatively smaller vital capacity of the lungs for them than for the boys. 
The probable error of random sampling (Tables 7 and 8), as 
determined for the averages based on sitting height, is comparatively 
small. In general, for each sex, it apparently tends to increase con-
stantly as sitting height and vital capacity increases. 
The standard deviations recorded in Tables 7 and 8 resemble those 
obtained when the cases are grouped on different basis, tending to 
increase as vital capacity increases, and averaging higher, as a rule, 
with the boys than with the girls of corresponding stem length. As 
for relative variability (coefficients of variation; Tables 7 and 8) there 
is an apparent decrease in its extent with the shorter groups as they 
increase in stem length, followed by a later period where variability 
rises to some extent, and, finally, by a period during which it falls 
again. For the most part, the coefficients range between 10 and 14. 
In general, then, the degree of variability in relation to the averages 
as based on stem length is quite similar to that observed with averages 
based on standing height. 
If the observations at each age are distributed in groups differing 
2 cm. in stem length, as is done in Tables 9 and 10, some conception of 
the variation in vital capacity at any age accompanying differences in 
stem length can be easily detected. The averages in these tables show 
that the vital capacities at every age are higher, as a rule, for the 
children with the greater stem length. When we consider, however, the 
average vital capacity for the children of similar sitting height but 
varying in age the differences are much less striking and constant. 
5. Vital Capacity and Body W eight.-To study the relation between 
vital capacity and body weight, the data are averaged in Tables 11 and 
12 in such manner that each group included subjects who varied not 





TABLE 9.-VrTAL CAPACITY, IN CUBIC CENTIMETERS, OF NORMAL BoYs FOR EVERY 2 CM. DIFFERENCE IN SITTING HEIGHT AT EACH 
AGE, AND AVERAGE VrTAL CAPACITY FOR EACH 2 c~c. GROWTH IN STEM LENGTH, co~IllfNING Ar.L AGES 
Age in Years 
5 ....... . .. . ······. 
. 6 ................. . 
7 ............. . ... . 
8 ............. . ... . 
9 . .. .. . . . ... . •. . .. . 
10 ... ······•··•····. 11. .........•...... . 
12 . . ...... . ••....... 
13 .. . .............. . 
14 ...... . .......... . 
15 .. . .....•........ . 
Sitting Height 
ra l " I N fil 83 85 ~ . ~ w 00 1 • 
ri I ti i~ ;2= :]ill, ,.ill / 
1
-:: - , 












1,783 1,979 2,oss 2.110 2,1n 2,500 2,500 . ... . . .... I . ... . . ... . . ... . . ... . . ... 
1 
.... . 
1,850 1.950 2,050 2,144 2,241 2,406 2,650 2.7s8 2.800 ... . . I . . . . . . . . . . . . . . . . . . . . ... . 
1.800 2,125 2.069 2,267 2,310 2,423 2,604 2.8I4 I 3.012 3,334 . . .. . 4.ooo . . . . . . .. . . ... . 
I . ... . . . .. . . ... · 1 . ... . . . .. . . . .. . . ... . . ... . 2,158 2,100 2,396 2,512 2,659 I 2,813 3,0"..a 3,221 1 3.3• 3,850 3,4w . ... . 4,250 . ... . . . .. . . .. . . . . . . . . .... I . ... . . ... . . ... . . . .. . 2,400 2,311 2,688 2,788 2,926 3,269 3,288 3,666 3,853 3,769 . . ... I .... 
. .. . . . ... . . . .. . . ... . . .. . . . . .. . . ... . . ... . . .. . . . . . . . . . .. . 2,388 2,450 2,675 1 3,617 1 3,186 3,373 3,606 3,907 4,125 4.300 4.300 
··~~~ . ~:~~ ~:~~ ~:~~ -i~1~~~~1~-~ ~-~~-i~1~~1~1~~1~~1~ 
16 ................. . 
17 ................. . 
Average ...... ···· 
--------------
TABLE 10.- VITAL CAPACITY, IN CUBIC CENTIMETERS, OF NORMAL Gll~LS, FOR EVERY 2 CM. DIFFERENCE IN SITTING AT EACH AGE, AND 
AVERAGE VTAL CAPACITY FOR EACH 2 CM. GROWTH IN STEM LENGTH, COMBINING ALL AGES 
Silting !fright 
Age in Years 
5 ..... . ....... ······ .... . 
6 ......... ··•··· •···· · .. . 
i ...... . .. .............. . 
8 ...... . .... . ........... . 
9 . ..............•........ 
10 .... . ........ ··•·· ..... . 
11 ....................... . 
12 ....................... . 
13 .............. . ... . . .. . . 
14 . ...................... . 
15 ..... . . . . .. .. . .... . .... . 
16 ........... . ........... . 
17 . ..... ... . ............ . 
!----------· ----. 
:~1 - ~cA) :7 ::9 1.:7 . (i.1.. ~~~ . ~.~ ~' . ~.7 .. 1 . ~. . . . . . 1,150 983 1,068 1,102 1,100 1,250 1,266 . .. . . . .. . . 
. ... . . ... . 900· 1,094 1,098 1,158 1,353 1,400 1,325 1.400 
. .. . . . . . . . . . . . . 1,000 1,192 1,253 J l.415 1,474 1,00 1,687 
... . . ... . . . . . . 1.167 1,383 l,425 1,4,3 1,540 1,738 
900 1,317 1,404 1,505 1,613 1.749 
1,250 1,431 1,612 1,609 1,773 
. ... . I .... . l ,4ii0 1,450 1,869 1,838 1,700 1,600 1,933 
18 ......... . ... .. ........ ·1 · ... . . .... . ... · 1 · . . . . . ... · 1 ···" . . . .. · 1 . .. . . . ... . . .. . . 
------------ ---- -- - - --
Average............... 750 1,050 940 998 1,107 1.~00 
1
1,386 1,469 l,636 1,759 
-~:_J_~_l _  ~_J~I~ .-~_1_::__1_~_1~ -~-_I~ 
1,750 
1,850 2.000 
1,879 2,012 2,175 2,300 2.750 
1.862 1,943 1,975 2,050 2,117 
1,867 l ,9"21 2,102 2,258 2,283 2,556 2,700 ..... 
2,000 1.933 2,149 2,236 2,437 2,470 2,713 2,967 ' 2,883 
. . . . . 2,250 2,230 2,314 2,465 2,595 2, 716 2,923 2,958 3,225 
2,000 2,000 2,150 2,210 2,567 2,686 2,820 2,846 3,029 3,093 
. .. . . . ... . . ... . .. . . . 2,762 2,512 2,550 2,8<'8 3,012 1 .... · 1 · .... 
. . . . . . . . . . . . . . . . . . . . . . . . 2,250 2,700 3,017 . .. . . . . . . . 3,100 
. .. . . . ... . . ... . . .. . . .... . .. . . . ... . 3,100 . ... . .... . .. ... 
1,881 . 1,952 . 2 113 2,256 2,458 . 2,537 2,740 2,847 2,967 1 3,141 3,100 
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For the boys (Table 11) with an increase in gross weight from 43 to 
133 pounds the vital capacity increased from 1,157 to 3,635 c.c. Acco.m-
panying this increase in weight, amounting to 209 per cent., the y1tal 
capacity has increased 214 per cent. With the girls (Table 12) for 
a corresponding growth in weight, the lung capacity increases from 
1,099 to 3,047 c.c., or 177 per cent. Thus, while with the boys the 
relative increase in vital capacity on the average exceeds that in ·weight, 
just the reverse is true for the girls. 
TABLE 11.-NORMAL BOYS. NUMBER OF CASES, BODY WEIGHT, VITAL 
CAPACITY, AVERAGE VITAL CAPACITY, AVERAGE VITAL CAPACITY AS 
DETERMINED BY GRAPHIC INTERPOLATION. ABSOLUTE AND PERCENTAGE 
INCREASE IN VITAL CAPACITY, VITAL CAPACITY AS COMPUTED BY FOR-
MULA, WITH FORMULA USED, 0.72 POWER OF WEIGHT IN GRAMS AND 
VALUES DERIVED FROM FORMULA W0.7Z v.c. 
I Mean Abso- I Per-Vital lute centage Vital 
Capac- Increase Increase. Capacity 
Gross Average ity as in Vital etc .• as 
•w .12 No. Wt. Vital Deter- Capac- with Deter- I Empirical Of in Capac- mined ity with Each mined I Formula w .72 Cases Lbs. ity, by Each 5 Lbs. by y= (ax) ±b v. c. 
C.c. Graphic 5 Lbs. Increase F.mpirical 
Interpo- Increase in Gross Formula I lation, In Weight y=ax±bi 
C.c. Weight 
-------------------------------
--2 33 988 988 988 I y =V.C. in Cm. 942 0.953 
13 38 1,135 l,090 + 102 11.0 1,098 x =22.0 1,009 0.958 
75 43 1,157 1,198 + 108 9.9 1,208 b= +263 1,163 0.9ii5 
88 48 1,275 1,319 +121 9.2 ~_I a= w:_ in L~~ 1,258 0.946 
78 53 l,458 1,458 +139 10.5 1,458 I Y=V.C. 1,343 0.921 82 58 1,607 1,611 +153 10.5 1,598 a = Wt. in Lbs. 1,433 0.896 
79 63 1,780 1,765 +154 9.6 1,739 x =28.1 1,526 0.866 
97 68 1,926 1,910 +155 8.8 1,8'9 b= +30 1,606 0.8!;7 
86 73 2,002 2,046 + 136 7.1 2,020 1,681 0.833 
74 78 2,160 2,178 +132 6.5 2,160 1,764 0.812 
96 83 2.284 2,311 +133 6.1 2,301 1,850 o.804 
60 88 2,506 2,443 +132 5.7 2,441 1,931 0.790 
-------51 93 2,542 2,574 + 131 5.4 2,574 y = V.C. in C.c. 2,014 0.783 
45 98 2,687 2,7()1 + 130 5.1 2,710 a =Wt. in Lbs. 2,091 0.772 
63 103 2,867 2,841 +137 5.1 2,845 x = 27.2 2,171 0.763 
41 108 2,922 2,987 + 146 5.1 2,982 b= + 44 2,247 0.754 
38 113 3,176 3,142 +155 5.2 3,118 2,332 0.740 
36 118 3,318 3,297 +156 4.9 3,254 2,410 0.733 
32 125 3,397 3,443 +146 4.4 3,443 2,493 o.724 
-------
27 128 3,696 3,565 +122 3.5 3,565 y = V.C. in O.c. 2,503 0.721 
17 133 3,635 3,680 +115 3.2 3,690 
• ~ W<. ,, ""'I 2,629 0.714 27 138 3,745 3,794 +114 3.1 3,816 x =25.1 2,710 0.713 13 143 3,815 3,929 +135 3.3 3,941 b= +343 2,795 0.709 9 148 4,217 4,957 +128 3.3 4,067 2,861 0.704 
8 153 4,181 4,181 +no 2.7 4,183 2,932 0.701 
• W = 0.72 power of the net weight In grams. 
The straightened curves derived for vital capacity when averaged 
for weight are somewhat different in character than those previously 
described. With the boys the smoothed curve (Fig. 4) shows much 
less sinuosity than the curves plotted either against age, standing and 
sitting height. As for the girls the curve based on weight is definitely 
convex in character, and thus altogether different from those derived 
from averages determined on the other measurements. The convexity 
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apparently due to the increase in vital capacity occurring at a relatively 
slower rate than increase in weight during later childhood. As in the 
case of the curves based on age, standing and sitting height, likewise 
those plotted against weight may be subdivided into different portions 
in such manner that each conforms closely to a straight line. It follows, 
therefore, that the vital capacity may be computed from the body weight 
by means of the same empirical formula used for the other curves. 
TABLE 12.-NORMAL GIRLS. NUMBER OF CASES, B ODY WEIGHT, VITAL 
CAPACIT Y, AVERAGE VITAL CAPACITY, AVERAGE VITAL CAPACITY AS 
DETERMINED BY GRAPHIC INTERPOLATION. ABSOLUTE AND PERCENTAGE 
INCREASE IN VITAL CAPACITY, VITAL CAPACITY AS COMPUTED BY FOR-
MULA, WITH FORMULA USED, 0.72 POWER OF WEIGH T IN GRAMS AND 
V D F W0.72 ALUES ERIVED FROM ORMULA - V.C.-
I Average AbSO· P er· I Gross Vital lute cent age Vital 
Wt. Aver- Ca pac- Increa se of Capacity 
in age ity as in In crease as 
~o. I.bs. Vital Deter- Vital in Vital Com· Formula *W .72 
of In· Capac· mined Capac- Capacity putcd y =(ax)± b ~ 0.72 --
CaseE cl11d- ity, by iey with with from v.c. 
ing C.c. Graphic Increase Increase Formula 
Cloth· Interpo. in in Y= (ax) 
ing lation, W eight "\)eight ±b 
C.c. 
-- --------------,--- ---
30 38 930 930 ..... .... 930 y=V.C. 1,009 1.H9 
54 43 l ,009 1,066 +156 16.8 1,075 a = Wt. in J, bs. l,lf.:l 1.089 
63 48 1,244 1,237 + 151 13.9 1,220 x=29 1,2f>3 1.042 
86 53 l ,388 1,382 +145 ll.i 1,36.5 b=-172 l,356 0 999 
76 58 1.527 1,521 + 135 9.8 I 1,510 1,446 0.963 
74 63 1,651 1,656 + 132 8.i 1,6.55 1,570 0.9 18 
63 68 1,798 1,788 + 129 i.8 1,788 y=V. C. 1,6~4 ().914 
78 73 1,918 1,917 I + 129 7.2 1,908 a =Wt. m Lbs. 1,713 0.900 60 78 2,029 2,046 + 124 6.5 2.028 x=24 l,EOO 
I 
0.887 
61 83 2,207 2,170 + 122 6.0 2,148 b = +156 1,885 0.879 
69 88 2,271 2,29'2 "-114 5.2 2,268 I ,!)87 0.878 
64 93 2,428 2,406 +103 4.5 2,388 2,047 O.SfiO 
04 98 2,520 2,509 + 84 3.5 2,508 2,132 0.E50 
&7 103 2,620 2,593 + 67 2.7 2,593 y=V. C. 2,208 0.851 
48 108 2,720 2,6<i0 + 68 2.6 2,660 a= Wt. in Lbs. 2,291 0 862 
36 113 2,628 2,i28 + 77 2.8 2,727 x = 13.4 2,361 0.867 
32 ll8 2,803 2,805 + 89 3.3 2,i94 b == .J... ),213 2,527 O.E82 
28 
I 
123 2,900 2,SiJ.I + 78 2.8 2,861 2,589 0.884 
15 128 3,037 2,972 + 55 1.9 2,9'28 2,663 0.889 
15 133 3,047· 3,0-27 + 34 1.1 I 2.995 2,743 0.800 14 138 3,061 3,061 + 34 1.1 3,062 
6 143 2,725 
4 148 3,000 
4 158 3,388 
2 173 2,900 
28 123 2,900 2,894 + 78 
I 
2.8 2,861 2,589 0.884 
1 193 2,900 
I 
• W = o. i2 power o! the net weight in grams. 
The actual values for the constants to be used for different weight 
groups may be determined by referring to Tables 11 and 12. The 
vital capacities computed from formula agree fairly closely with 
the actual averages and also with those as determined by graphic 
interpolation. 
Dreyer 20 claims that the relation between the vital capacity and 
W• K bcdy weight may be correctly expressed by the formula v-:C. = , where 
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Wis the net weight in grams, V.C. =vital capacity in cubic centi meters, 
the power n is 0.72, and K = a constant. The average value obtained 
for K by Dreyer for data collected largely from male adults is 0.6~ . 
In order to compare this relationship to body weight for children 
with Dreyer's findings for adults it was first necessary to correct. my 
weights for clothing. The net weight for my cases has been detenmned 
by computing the weight of the clothing and deducting this fron: the 
gross weight. In estimating the weight of clothing the factors published 
by Bardeen 5 were used and the net weights obtained in this manner are 
tabulated in Tables 11 and 12. 
With the boys the values obtained for K by means of the formula 
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Fig. 4.-Showing smoothed curves representing the average absolute increase 
in the vital capacity of the lungs as determined by graph~c interpolation for 
boys with an increase in net body weight from 30 to 145 pounds inclusive, and 
for girls with an increase in body weight from 35 to 130 pounds inclusive. The 
actual observed averages at each net body weight are represented by dots for 
the boys, and by circles for the girls. Vital capacity in liters is represented 
on the ordinate, and net weight in pounds on the abscissa. 
occurs, diminishing from an average of 0.955 at a net weight of 40 
pounds (18,100 gm.) to 0.701 when weighing 143.8 pounds (65,400 
gm.). Thi latter value, 0.701, is quite similar to that (0.69) obtained 
by Dreyer for adults. It is evident from these results that the constant 
relation between the 0.72 power of the weight and vital capacity is not 
established with boys until the net body weight is in the neighborhood 
of 140 pounds. 
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\ rith the girls the value for K with an increase in net weight 
from 40 to 92 pounds decreases from 1.089 to 0.850. 'With further 
increase in weight the value for K seems to increase slightly. For the 
girls also, then, the formula advocated by Dreyer is not a correct 
expression of the relation of vital capacity to body weight for chil-
dren. It is not until the latter part of childhood that the above relation 
is fully established. At corresponding age, the values obtained for 
K (Tables 11 and 12) are higher for the girls than for the boys. It 
follows from this, as shown in numerous other instances, that lung 
capacity is relatively smaller for girls than for boys of similar size 
TABLE 13.-NmrnER OF CASES, AGE, WEIGHT, STANDING HEIGHT, VITAL 
CAPACITY, NORMAL VITAL CAPACITY EXPECTED FOR CORRESPONDrnG 
STANDING HEIGHT, PER CE T. OF DEVIATION FROM NORMAL, AND NOTE 



































Notes Regard'ng Dyspnea 
------------------------
Do rs 
8 11 I 74.6 142 2,131 
--------------
Girls 
17 12 I 77.4 144 1,939 
-------------
Boys 
1 40 112 900 
2 15 57 131 775 
3 11 5.5 13~ ],600 
4 15 61 148 1,300 
5 16 102 102 J,3.50 
6 18 122 li4 2,100 
---------- ---
Girls 
1 9 40 121 950 
2 11 62 129 1,100 
3 12 52 127 900 
4 11 62 129 1,100 
13 87 145 900 
13 80 146 1,250 
7 20 117 150 1.500 
8 14 83 152 1,200 
9 16 120 163 1,960 
2,182 - 2.4 No dyspnea on exertion 
----------------
2,005 - 3.2 No rlyspnea on exertion 
1,160 -22.4 Spleen enlarged: moderate 
dyspnea; rales in lungs 
1,780 -56.5 Dyspnea pronounced 
l.850 -13.5 Dyspnea on mild exertion 
2,230 -41.7 Dyspnea on slight exertion 
3,lEO -57.5 Dyspnoic constantly 
3, 60 -45.6 Dyspnea on slight exertion 
-------
1.360 -30.1 Dyspnolc 
1,580 -30.4 Slight dyspnea 
1,525 -41.0 Mild dyspnea on exertion 
1.590 -30.8 Moderate dyspnea 
2,110 -57.3 Severe dyspnea 
2,150 -41.9 Moderate dyspnea 
2,310 -35.1 Moderate dyspnea 
2,400 -50.0 Dnpnea on slight exertion 
2,820 -31.0 Considerable dyspnen 
Although the present investigation is devoted mainly to a consider-
ation of the vital capacity of the lungs of normal and healthy children, 
a series of observations were made on a considerable number of sub-
jects suffering from pathologic conditions of the heart and lungs. A 
brief discussion of the results obtained in each disease is given below. 
6. Vital Capacity and Mitra! I11sufficicncy.- Records were obtained 
for fourteen boys and twenty-six girls suffering from mitral insuf-
ficiency of varying degrees of severity (Table 13). The data for 
eight' boys and seventeen girls show the vital capacity to average prac-
tically normal for their standing height in spite of the presence of a 
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leaking mitral valve. These children, as a group, are able to play and 
romp almost as vigorously as normal children without suffering from 
dyspnea to any extent. With the more severe cases, however, the 
vital capacity is seen to be greatly reduced, the reduction in some cas:s 
amounting to more than 50 per cent., and in such instances clyspnea is 
a very prominent symptom. In general, it may be said, that the tendency 
to become dyspneic is directly proportional to the degree to which the 
vital capacity is reduced. Ruebow,14 Bittorf and Forschbach,23 Beebak, 
Bie and Maar,1° Pie ch,17 \Vilson and Edwards,24 and others have 
also noted the vital capacity to be reduced by diseases of the heart. 
Siebeck 15 attributes the decrease in vital capacity in heart disease to a 
change in the elasticity of the lungs resulting from engorgement of 
the pulmonary circulation. From a study of 124 adults suffering from 
various types of heart disease, Peabody and Wentworth 18 have decided 
that, in general, patients with a vital capacity of 90 per cent. or more 
of the normal standard adopted for their sex and height have little or 
no abnormal tendency to dyspnea. If reduced to 70 or 90 per cent. 
of the normal, dyspnea appears to be an unusual exertion, while if 
reduced to 40 or 70 per cent. of the normal the activities of these 
patients must be greatly restricted. Those with a vital capacity of less 
than 40 per cent. of the normal are usually confined to bed, and the 
mortality is high with this group. 
Repeated observations made of a few children having mitral disease 
show that the vital capacity increases as the clinical condition improves. 
The record for one girl with mitral regurgitation and rheumatic fever 
i given in Figure 5. The record of a girl suffering from cardiac 
decompen ation following a heavy day's work is given in Figure 6. In 
each instance the vital capacity is seen to progressively increase, and 
the hospital records show a similar improvement in their condition 
clinically. With the older girl (Fig. 6) the reduction in vital capacity 
recorded on the twenty-sixth day of illness followed a tonsillectomy 
done two days previously. ·when dismissed from the hospital on the 
twenty-eighth day of illness the vital capacity recorded was considerably 
higher even than the normal expected for corresponding standing height. 
Peabody and Wentworth and Ulrich and Nathanson 2 5 also present 
records for adult that show fluctuations in the vital capaci ty to 
correspond with changes in the patient's condition. Periodic measure-
. 23. Bittor!, A., and Forschbach, J. : Untersuchungen iiber die Lungenfiillung 
be1 Krankhe1ten, Ztschr. f . klin. Med. 70, 1910. 
24. ~Vilson, M. G., and Edwards, D. J.: Standards for Normal Vital Capacity 
fo.r Ch1!dren: The Lung Capacity in Certain Intrathoracic Conditions, Am. J. ~1s. Child. 22:443 (Nov.) 1921. Diagnostic Value of Determining Vital Capa-
city of Lu~gs of Children, J. A. M. A. 78: 1107 (April 15) 1922. 
25: Ulnch. H. L., and athanson, M. H.: The Capacity of the Lungs in 
Cardiac Disease, Minnesota L 4:721, 1921. 
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Fig. 5.-Showing the changes in body temperature, pulse rate, and vital 
capacity of the lungs from the fourteenth to the thirty-first day of illness, 
for a girl having acute rheumatic fever, and mitral regurgitation. The solid 
bl~ck rectangles represent the normal vital capacity for corresponding standing 
height; the blank rectangles represent the observed vital capacity on succe sive 
days. 
I I I 
~cl 1IN.» J ~ ) ~ T • 9 10 II I( IJ I t• tr zo 
I I 
I 
~- I I 
~ I I . 




. ,'-c L 
·-
A /' .• 
I 
-· ' ~ 
I 1'<Jr"'"" ro ro ro ro ro CL <O u t.4 lO lO ll lO ro 





















Fig. 6.-Showing the changes in body temperature, pulse rate, rate of respira-
tion and vital capacity of the lungs from the third to the thirteenth and fo r 
the twenty-sixth to the twenty-eighth day of illness, for a girls cardiac decom· 
pensation, and mitral regurgitation. The solid black rectangles represent the 
normal vital capacity for corresponding standing height; the blank rectangles 
represent the observed vital capacity on successive days. 
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ment of the vital capacity, therefore, affords a simple and practical 
method of detecting fluctuations in the general condition of the patient. 
This study of a limited number of children suffering from disease 
of the mitral valve shows that in milder cases in which the vital capacity 
is practically normal very little respiratory discomfort is experienced 
even on severe exertion. In more severe cases, however, the tendency 
to develop dyspnea in a measure parallels the reduction in vital capacity.• 
7. Vital Capacity and Acute Bronchitis.-In Table 14 are recorded 
the average vital capacities for seventeen boys and fourteen girls, 
respectively, having acute bronchitis, which shows that the vital capacity 
is considerably reduced by this condition. The individual data show 
the degree of reduction to be rather marked in the more severe cases. 
Often the presence of considerable mucus in the trachea and bronchi 
provokes peroxysms of coughing toward the end of expiration, and 
thus prevent its completion. Even with the patients showing the 
TABLE 14.-NUMBER OF CASES, AGE, WEIGHT, STANDING HEIGHT, VITAL 
CAPACITY, NORMAL VITAL CAPACITY FOR CORRESPONDING STANDI NG 
HEIGHT, AND PER CENT. OF DEVIATION FROM NORMAL FOR BOYS AND 
GIRLS HAVING ACUTE BRONCIIITIS 
Average Average 
Average Average Average Normal Vital Per Cent. AYernge Average Gross Standing Vital Capacity Deviation 
Number of Age, Weight, Height, Capacity, for ·cor- from Cases Y~ars Lbs. Cm. C.c. responding Normal 
Standing 
Height 
Boys .. . .. 17 10 ~5 . 3 131 1,450 1,795 -18.9 Girls ..... 14 10 63.1 131 1,354 1,660 -17.9 
greatest reduction in vital capacity due to their bronchitis, there was 
little complaint of dyspnea. Peabody and Wentworth also record that 
the vital capacity of the lungs may be considerably reduced following 
the inception of acute bronchitis. 
8. Vital Capacity and Labor Pneumonia.-During the past year 
vital capacity records were obtained of eleven children durina an attack 
of pneumonia. The data for nine of the children (Table 15) show the 
vital capacity to be enormously reduced early in the · course of the 
di ease. The degree of reduction is greatly out of proportion to the 
exten: of the pneumonic process even with patients n~t suffering from 
pleunsy. For example, one boy (Case 1) on the fifth day of illness, 
although free from pleurisy, was able to expire only 450 c.c., which 
. about one third the normal expected for corresponding standing 
height. At the same time, fturoscopic examination demonstrated the 
?neumonia to be limited to the lower lobe of the right lung. In this 
msta~ce, although, roughly, one fourth or less of the total lung tissue 
was mvolved by the pneumonic process, nevertheless, the vital capacity 
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was reduced by three fourths. In other cases the reduction is equally 
~triking. The general weakness of the patient is evidently a factor in 
reducing the vital capacity. 
The initial reduction in vital capacity, and its gradual return to nor-
mal following recovery from lobar pneumonia is clearly shown for 
two boys in Figures 7 and 8. In the case of the older patient (Fig. 7), 
on the second day of illness the vital capacity was reduced 35 per 
cent. At this time the clinical diagnosis was somewhat uncertain. 
On the fourth day, however, a diagnosis of lobar pneumonia was 
definitely established, and the vital capacity was now reduced approxi-
mately 71 per cent. Following the crisis the vital capacity gradually 
TABLE 15.-NUMBER OF CASES, AGE, STANDING HEIGHT, WEIGHT, INITIAL 
VITAL CAPACITY, DAY OF ILLNESS, VITAL CAPACITY AT EACH SUCCEEDING 
READING, NORMAL VITAL CAPACITY FOR CORRESPONDING STANDING 
HEIGHT, PER CENT. OF DEVIATION FRO~{ THE NORMAL FOR Bovs AND 
GIRLS WITH LOBAR PNEUMONIA 
Tnitial Normal 
Stand- Vital Vital Per Cent. 
ing Net Capac- Vital Capacity at Ench Capacity Of 
Xo. Height. Weight, ity and Succeeding Reading for Oorre- lleviatfon 
Cm. Lbs. Day sponding from tile 
of Standing :'.\ormal 
Illness Height 
--- ---- ---- ---
Ho:vs 4 I :oo 6* 9 12 1 118 fi() 300 800 1,050 1 1,250 1,340 - 6.i (l 8* 14 
ll6 51 700 1,000 1,225 ....... ... 1,280 - 4.3 
3 4 5 7* 8 9 10 
4 7* 8 ~ I 14 fi() 71 134 65 400 600 700 750 800 1,200 1,ESO -36.2 3 13 20 
135 59 81iO 1,300 1,600 l,700 ... .. 1,9"20 -ll.5 
--- ----
---------
__ , __ --------
Girls 1 6 7* 10 12 
5 106 39 150 700 775 800 81iO 900 -10.6 
7* 9 12 14 I 15 16 123 700 ~~ , ~ 900 1,000 1,100 l,410 -22.0 4 JO 
43 350 1,000 1,100 1,250 2,030 -38.4 
10 12 15 19 
133 62 800 900 1,300 1,560 1,510 + 2.6 
6 9 12 16 20 23 26 
9 155 960 300 675 1,000 1,500 1,650 2,000 2,050 2,520 -18.7 
• Day of crisis. 
increased and by the seventeenth day of illness was only slightly more 
than 17 per cent. below the normal expected for corresponding standing 
height. For this patient a record of vital capacity was obtained nine 
months following his recovery from pneumonia. During this interval 
the records show an increase in vital capacity from 2,850 c.c. to 3,500 c.c. 
This indicates that following recovery from an attack of pneumonia, 
subsequent growth in lung capacity may proceed in a rather satisfactory 
manner. 
One child (Case 3) failed to recover promptly. Areas of con-
solidation persisted in one lung for a long time which, finally, terminated 
111 an empyema. The records show that during the period studied the 
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Fig. 7.-Showing the changes in body temperature, pulse rate, rate of respira-
tion and the vital capacity of the lungs from the second to the seventeenth 
days of illness, for a boy having lobar pneumonia. The solid black rectangles 
represent the normal vital capacity for corresponding standing height; the 
blank rectangles represent the observed vital capacity on successive days. 
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.. Fig. 8.-Showing the changes in body temperature pulse rate rate of resp.ira-
'.ton. and the vital capacity of the lungs from the first to th~ fourteenth day 
of illness, for a body having lobar pneumonia. The solid black rectangles 
represent the normal vital capacity for corresponding standing height; the blank 
rectangles represent the observed vital capacity on successive day. 
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vital capacity remained considerably below normal. Accompanying 
slight improvements in the patient's general condition, the vital capacity 
increased slightly, but decreased again when he felt worse. At the 
time the last observation was made the vital capacity was still 36 per 
cent. below the expected nom1al. 
During the course of this investigation the disappearance of physical 
signs was observed in several instances to precede the complete return of 
vital capacity to normal. 
9. Vital Capacity and Bronchial Asthma.-Several patients subject 
to attacks of asthma visited the dispensary during the past winter. The 
TABLE 16. - NUMBER OF CASES, AGE, WEIGHT, STANDING HEIGHT, VITAL 
CAPACITY, NORMAL VITAL CAPACITY FOR CORRESPONDING STANDING 
HEIGHT, PER CENT. OF DEVIATIO N FROM NORMAL AND CLDIICAL NOTES 
FOR BOYS AND GIRLS SUBJECT TO BRONCHIAL ASTHMA 
Normal 
Stand- Vital I Per Cent. No.of Age, Gross ing Vital Capacity of Clinical Notes: 
Cases Years Weight, Height, Capacity, for Corre- Deviation Duration of Disease 




Boys I 1 6 32 109 750 1,080 -30.6 Many rales present 
~ 6 39 113 7i5 1,190 -34.9 l\lany rilles present 
3 6 45 J18 1,600 1,340 +l9.4 l\o rales present 
4 6 41 118 1,550 1,340 +15.7 No rilles present 
0 8 48 123 1,900 1,500 +26.7 No rill es present; asthma 
for 6 years 
6 7 48 123 1,450 1,500 - 3.3 Few rilles present; asthma 
I 
for 4 years 
' 
8 57 124 800 1,530 -17.7 Many rilles present 
8 10 64 132 1,900 1,810 + 5.0 Asthma for 3 years; no rl!.Ies 
present 
9 l1 64 132 l ,800 1,810 - 0.5 
JO 12 63 140 2,350 2,100 +11.9 Few riiles present; asthma 
for 4 years 
l1 13 63 ]45 2,350 2,300 + 2.2 Asthma for 9 years 
12 11 72 146 1,950 2,340 -16.7 Asthma for 2 years; no rAles 
I 
present 
13 14 104 155 3,200 2,760 + 15.9 Eight years 
--- - - - ----------
Girls I 1 7 38 119 900 
I 
1,300 -30.8 l\lany ril.les present; 3 years 
2 9 
I 
46 120 1,275 1,330 - 4.1 No rO.les present 
3 9 50 130 1,800 1,620 I 
+11.1 Few rllles present 
4 13 65 ... 2,500 
····· ······ 
No rB.les presLnt; 7 years 
vital capacity records for these children are tabulated in Table 16. The 
data show that the vital capacity, even with children who have 
experienced severe asthmatic attacks for several years, may be prac-
tically normal during intervals when they are free from symptoms. 
However, immediately following acute attacks, when the lungs show 
marked evidence of the di sease, the vital capacity may be reduced 
greatly (Cases 1, 2, 7 and 14). The greatest reduction noted in this 
study amounted to 47.7 per cent. in Case 7. For one patient (Case 2) 
the vital capacity was recorded during an acute attack, and also again 
at a later time when he was free from symptoms. In this instance, 
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during the attack, his vital capacity was nearly 35 per cent. below 
normal, whereas after the symptoms disappeared it actually exceeded 
the normal expected for his standing height almost 12 per cent. 
From this study of a limited number of cases the conclusion see:ns 
justified that while bronchial asthma may cause an enormous reduction 
in the vital capacity immediately following an acute attack, nevertheless, 
the reduction promptly disappears and the vital capacity returns to 
normal as the symptoms subside. Even in cases subject to the dise~se 
for several years there is apparently no permanent reduction in vital 
capacity. . 
Peabody and Wentworth note that with adults the vital capacity 
becomes greatly lowered during asthmatic attacks. Four patients tested 
soon after acute attacks were found to have vital capacities of 56, 60, 
85 and 102 per cent. of the normal, respectively. Seven observations 
on six patients made when they were in their best condition between 
TABLE 17.-AGE, NUMBER OF CASES, NET WEIGHT, STANDING HEIGHT, 
VITAL CAPACITY, ORMAL VITAL CAPACITY FOR CORRESPONDING STAND-
ING HEIGHT, AND PER CENT. THAT OBSERVED VITAL CAPACITY DEVIATED 
FROM THE ORMAL, FOR CHILDREN OF FRESH AIR SCHOOL 
Average Average Average Average Normal Vital Average Average Average Standing Vital Capacity per Cent. Age, Number of Weight, Height, Capacity, for Cor· Devi a tion Years Cases Kg. Cm. C.c. responding from 
Standing Normal 
Height, O.c. 
Boys .. ... 11 46 83.0 142.8 2,055 2,182 -5.8 Girls ..... 11 51 32.3 140.0 1,342 1,925 I -4.3 I 
asthmatic spells showed a range in vital capacity between 65 and 122 
per cent. of the normal. In only one case was it below 85 per cent. 
10. Vital Capacity and Tuberculosis.-In Table 17 are recorded the 
vital capacities of forty-six boys and fifty-one girls, all of whom were 
attending what is known as the fresh air school. Children are eligible 
for admi sion to this school only in case they have a positive Pirquet 
(tuberculin) reaction, and show some clinical evidence of tuberculosis, 
such as slight daily elevation in temperature, frequent attacks of 
bronchiti or failure to gain in weight properly. Physical examination 
of the lungs in most instances was practically negative, except for the 
usual pre ence of a positive D'Espine sign, and, as a rule, the roentgen-
ray ~ndings were limited to enlarged peribronchial lymph glands at 
th~ h1lus of the l~ngs. The condition of this group of cases is probably 
fairly representative of the usual early type of quiescent tuberculosis 
encountered in children. 
~he vital c~pacity of the lungs for the boys (Table 17) , while 
tendmg to be slightly low 1'n m · · 11 
any cases, m general, agrees fairly we 
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with normal averages for corresponding height. The reading for only 
five of the boys appeared to be definitely subnormal. However, on 
comparing the stem length of each of these boys with the normal as 
f?u.nd by Boas 26 for corresponding height, in each instance the observed 
s1ttmg height is found to be considerably less than that expected of 
boys of their height. Since standing height seemed rather abnormal 
with these boys as compared with their sitting height, it was thought 
that the records would probably agree more closely with averages of 
vital capacity based on stem length. When the observed vital capacities 
_was compared with the normal expected for corresponding stem length 
m each instance, the vital capacity appears to be practically normal as 
compared with the normal for corresponding sitting height. In general, 
then, it is doubtful if the lung capacity of any of these forty-six boys 
can be considered as definitely abnormal in this respect. 
For the girls (Table 17) the average vital capacity agrees fairly 
well with the normal expected for corresponding standing height. In 
only four instances were the readings significantly subnormal. 
While the number of observations is too small to permit of very 
sweeping conclusions, nevertheless, the data indicate that the vital 
capacity is usually normal in children reacting positively to the intra-
cutaneous application of old tuberculin and showing little additional evi-
dence of tuberculosis aside from a positive D'Espine and a compara-
tively poor health record. Certain of these children, however, have an 
abnormally low vital capacity. These may be the ones who are most 
likely to develop serious forms of the disease in the future. Later 
determinations of their vital capacity, if showing a further decrea e, 
would probably give immediate clue to· any change in their pulmonary 
condition. 
In addition to these children showing a minimum evidence of 
tuberculosis, the lung capacity also of twenty-six boys and seventeen 
girls with definite tuberculosis of bone was studied. The data obtained 
from this series of patients are recorded in Table 18. The average 
value for the readings for each sex appear to be practically normal for 
standing height. For a few of the individual , however, the lung 
capacity was abnormally low, especially with the more erious case . 
For one boy the reduction amounted to 40 per cent. This boy ha a 
marked kyphosis of the midthoracic region which i completely 
ankylosed. The marked deformity and resultant mechanical inter-
ference with inspiration probably accounts partly for his low vital 
capacity, especially since the lungs are apparently normal. 
For another patient the vital capacity was 46.4 per cent. below the 
normal expected. This patient was in a very poor general condition, 
26. Boas, F., and Wissler, C.: Statistics of Growth, U. S. Education Com-
mision 1, 1904. 
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weighing only 49 pounds, and has an active tuberc~1losis o_f the_ lower 
lumbar spine with a psoas abscess and several d1scharg111g smuses. 
The roentgen ray also revealed a marked shadow about the hilus and 
considerable mottling throughout the lung field. Six months later the 
vital capacity was recorded a second time and during this period was 
found to have decreased from 1,050 c.c. to 750 c.c., a decrease of 
about 29 per cent. At this time his condition was definitely worse than 
at the previous examination. In this instance one, no doubt, would 
TABLE 18. - NUMBER OF CASES, AGE, WEIGHT, STANDING HEIGHT, VITAL 
CAPACITY, NORMAL VITAL CAPACITY FOR CORRESPONDING STANDING 
HEIGHT, LOCATION AND EXTENT OF D ISEASE FOR BOYS HAVING T UBER-
CULO~S OF BONE AND LUNGS 
A'·eragel Avernge Average Average Average Aver- Normal per Cent. Number of age Xet Stand- Vital Vital Of Average Location Cases Age. Weight , Ing Capacity. Capacity Deviation and Extent of Years Lbs. Height, C.c. for Corre- from 'l'uberculosis Cm. Standing Normal 
___ , ___ Height 
-·-
-Girls 
10 50.5 125 1,401 l,4i0 
- 4.9 Tuberculosis of hip, 17 I knee, spine, etc. Pulmonary 
'l'uberculosis 
13 5,) 135 5i5 1,770 1 
-{!7.5 Advanced pulmonary; 
extensive cavity for-
16 82 15i 1,00Q 2.610 mation 2 
-{!l.7 Advanced pulmonary; 
extensive cavity for-
18 110 151 l,OOo 2,350 mation 3 




I --Boys 59.5 128 1,542 26 11 1,700 
- 9.3 'l'uberculosis of hip, 
Pulmonary knee, spine, etc. 
'J.'uberculosis 
9 61 123 l,()()o 1,490 1 
-32.9 Lungs, with effusion 
11 .; 14'i 2,250 2,300 
- 2.2 
(incipient) 
3 12 60 143 l,OOQ 2,300 
-56.5 Lungs (Incipient) Lungs (chronic fi-
15 107 177 2,90o 3,980 ~.l braid) , peritoneum 4 Lungs (moderately 
5 16 103 15i 2,7()() 2,880 
- 6.2 
advanced) 
~.o . 75(1 Lu_ngs (Incipient) 6 18 4,300* 
-82.6 &l 137 1,100 Spine, lungs i 17 2,880 
-{!l.8 Lm1gs (advanced), I spine 
---
* V. c. for corresponding age. 
suspect the above to ~e true mer~Jy from considering the vital capacity 
record alone, even w1th?ut knowing other facts about the case. 
For the seventeen girls (Ta~le 18) having tuberculosis of the bone 
the average for the vit_al capacity is practically normal. The volumes 
for two subjects of this group, however, were abnormally low being 
25.6 and 35.5 per c_ent., respectively, below the normal for' corre-
sponding height. \ V1th th_ese two girls observations six months later 
show i~ ~ach instance _an mcr~se of about 100 c.c., in vital capacity. 
The gain 111 lung capacity reg s ered by the e patients during this period 
45 . 
probably indicates a better prognosis than in the case mentioned above 
in which the vital capacity decreased to a considerable extent. 
In only a few instances was it possible to obtain observations of 
the vital capacity of the lungs of children with definite and active pul-
monary tuberculosis. Data for ten such cases are recorded in Table 18. 
Of the incipient cases only one boy (Case 1) has a vital capacity 
significantly subnormal. In this instance the presence of a pleural 
effusion probably accounts for a considerable portion of this reduction. 
In Case 2 the lung capacity is practically normal. The roentgenogram 
of this patient's lungs revealed a rather large shadow extending from the 
hilus out into the parenchyma of the right lung; and the Pirquet reac-
tion was strongly positive. About one months after the vital capacity 
was recorded for the first time, this boy had a tonsillectomy fol lowing 
which he developed a tuberculous meningitis and promptly died. This 
case illustrates, therefore, that a normal vital capacity may be obtained 
even in the presence of a pathological pulmonary condition of the most 
serious potentialities. 
Among the advanced cases, two patients (Cases 3 and 9) have died 
during the past few months. In these cases, however, death was not 
unexpected for in both the tuberculous process was very extensive. 
It is interesting to note that of the advanced cases four patients (Cases 
6, 7, 8 and 9) were ambulatory and suffered no dyspnea on mild exer-
tion in spite of the fact that their vital capacities were reduced to about 
one third their normal value. This observation stands out in marked 
contrast to these symptoms noted in cardiac disease for with a similar 
reduction in vital capacity dependent on some pathologic condition of 
the heart, dyspnea is a constant and very prominent symptom. 
Many investigators, including Hutchinson, \Vintrich, Scheevoogt, 
Arnold, Fabius, Schonfeld,27 Siebeck, Wilson and Edwards, and others, 
have observed that the vital capacity may be reduced greatly in the 
presence of pulmonary tuberculosis. Recently Dreyer and Burrell 20 
have been able to classify cases of pulmonary tuberculosis as normal 
or as incipient, moderate or advanced, without seeing the patients, know-
ing only their vital capacity and various body measurements. 
From a study of patients with incipient tuberculosis Garvin, Lunds-
gaard and Van Slyke 28 found the vital capacity to be reduced as a 
result of :>..n increased residual air. In moderately advanced and 
advanced cases the vital capacity was sub tantially reduced principally 
27. Schonfeld, L.: Ein Beitrag zur Lehre von der Spirometrie, Diss. Berlin 
1882. 
28. Garvin, A.; Lundsgaard, C.; Van Slyke. D. D.: Studies of Lung Volume 
II Tuberculous Men, ]. Exper. M. 27: 87, 1918. Studies•of Lung Volume III, 
Tuberculos Women, J. Exper. 1\1. 27: 129, 1918. 
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as a result of diminished total lung capacity. The residual air was 
normal, as a rule, although in a few cases an increase in residual air 
also contributed to the decrease in vital capacity. 
Wittich, Meyers and Jennings 29 found the vital capacity to decrease 
relative to body weight, in direct proportion to the amount of disease 
present. 
CONCLUSIONS 
From this study it appears evident that the determination of the 
vital capacity of patients having diseases of the heart and lungs is of 
distinct clinical value. Although single observations are of importance, 
repeated measurements are of much greater value, for changes in the 
pathologic condition of these organs is immediately reflected by fluctua-
tions in the vital capacity. It is undoubtedly inadvisable to use the 
determination of the vital capacity to the exclusion of other means of 
making a diagnosis, for occasionally this measurement is very mis-
leading. and might easily lead to serious error if relied on alone. How-
ever, with the exercise of proper judgment and care, one usually is able 
to use the information gained through the measurement of the vital 
capacity safely and profitably in determining not only the presence 
but also roughly the extent and progress of the disease of the heart 
and lungs. 
SUMMARY 
The more important results of the present investigation may be 
summarized briefly as follows : 
1. At either corresponding age, standing height, sitting height, or 
body weight the vital capacity of the lungs is constantly greater with 
the boys than with the girls, the difference increasing with the especial 
rapidity during the latter half of childhood.80 
2. The curves of vital capacity as plotted against age, standing and 
sitting height, in general, pursue a sinuous course, showing a fairly 
uni form increase at first, followed later by a period of more rapid 
growth in lung capacity, which later diminishes in rate. The curve 
plotted against body weight for the boys shows a more uniform course, 
while that for the girls has a definitely convex form. 
3. The absolute annual increase in vital capacity, in general, is fairly 
uniform during early childhood, increases in rapidity about the time of 
puberty, and later declines. 
4. The relative increase in vital capacity apparently decreases at 
first, becomes relatively more rapid about the time of puberty, and 
29. Wittich, F. W ., Myers, J. A., and Jennings, F . L.: A Study of the Effect 
of Pulmonary Tuberculosis on Vital Capacity, J. A. M. A. 75: 1249 (Nov. 6) 
1920. 
30. Emerson. P. W., ·and Green, H.: Vital Capacity of the Lungs of Children, 
Am. J . Dis. Child. 22 :202 (Aug.) 1921. 
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then proceeds at a slower rate again. The period of acceleration in 
the rate of growth in lung capacity begins and terminates at an earlier 
age with the girls than with the boys. 
5. Throughout childhood the vital capacity formed a greater pro-
portion of the estimated adult maximum ( 3,200 c.c.) for women with 
the girls, than with the boys, the adult maximum of the latter be 
estimated as approximately 4,300 c.c. In general, then, with respect to 
lung capacity, at corresponding ages the girls may be considered 
relatively more mature than the boys. 
6. The vital capacity of the lungs apparently reaches a maximum 
near the twentieth year with the boys, and probably slightly before 
this time with the girls. 
7. On using the proper values for the constant, the vital capacity 
may be computed 31 fairly accurately from the age, the standing height, 
the sitting height or the body weight by means of the empirical forn1ula 
y = (AX) ± b, where y =vital capacity in cubic centimeters; a= 
(either age in years, standing height or sitting height in cubic centi-
meters or body weight in pounds), X = a constant, and ± b = a second 
constant. The proper values for the constants may be determined by 
referring to the appropriate tables. 
8. The probable error of random sampling increases as the vital 
capacity increases, but in all instances is relatively small, amounting to 
less than 25 c.c., as a rule. Therefore, averages obtained from an 
infinitely large number of comparable series would vary only slightly 
from those obtained in the present limited series of observations. 
9. The standard deviation (absolute variability), as a rule, increases 
as the vital capacity increases, and usually is greater with the boys than 
with the girls of corresponding age and size. 
10. The coefficient of variation (relative variability) for each sex 
decreases during early childhood, increases about the period of puberty 
and later declines again. The extent of the dispersal of the individual 
observations from the averages, appears to be smaller when averaged in 
groups differing 5 cm. in standing height or 2 cm. in stem length, than 
when averaged according to age in years, as estimated from the nearest 
birth day. 
11. The constant relation between the vital capacity and the square 
of the sitting height, and also between the 0.72 power of the body weight 
in grams and the vital capacity apparently is not established until the 
latter part of childhood. 
12. Children may have a normal vital capacity even in the presence 
of a definite insufficiency of the mitral valves, and these individuals show 
31. \Vest, H. F.: Clinical Studies on the Respiration. VI. A Comparison 
of Various Standards for the Normal Vital Capacity of the Lungs, Arch. Int. 
Med. 25: 306 (March) 1920. 
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little abnormal tendency to dyspnea on exertion. In more serious cases 
the vital capacity is greatly reduced, and the tendency to respiratory 
embarrassment is proportional to the reduction in lung capacity.3 2 • 
13. When the condition of the heart improves, the vital capacity 
gradually increases. 
14. Acute bronchitis produces a temporary reduction in vital capac-
ity, which in severe cases may be very marked. . 
15. During the course of lobar pneumonia the vital capacity rapi.dly 
undergoes an enormous reduction, .even in cases free from pleunsy. 
The reduction is altogether out of proportion to the extent of t.he 
pneumonic process in the lungs. Following the crisis, the vital capacity 
gradually returns to normal, in a comparatively short time. Physi_cal 
signs of the disease, however, may disappear before the normal vi:al 
capacity is reached. In complicated cases the return of vital capacity 
to normal may be greatly delayed. 
16. While bronchial asthma may cause an enormous reduction in the 
vital capacity immediately following an acute attack, nevertheless t1:e 
reduction promptly disappears as the symptoms subside. Even Ill 
children subject to the disease for several years, there is apparently 
no permanent reduction in the vital capacity of the lungs. 
17. \Vith children showing slight evidence of tuberculosis, such as 
a positive Pirquet (tuberculin) reaction, and having a poor health 
record, and also with those having definite tuberculosis of bone, the vital 
capacity is normal, as a rule. In a few instances, however, the lung 
capacity is sufficiently subnormal to lead one to suspect some pul-
monary involvement. 
In incipient pulmonary tuberculosis the vital capacity may be prac-
tically normal, even in the presence of a very active and virulent infec-
tion in the lungs. 
In advanced pulmonary tuberculosis the vital capacity of the lungs 
is greatly reduced, in proportion to the extent of the disease process. 
18. The abnormal tendency to dyspnea on exertion is much more 
marked when the reduced vital capacity is caused by disease of the 
heart, than when caused by disease of the lungs alone, even in instances 
where the reductions are similar in extent. 
32. Pearce, R. G. : The Cardiorespiratory Mechanism in Health and Dis-
ease, Arch. Int. Med. 27:139 (Feb.) 1921. 
Repr-inted from the American J ottrnal of Diseases of Children 
Decembe1-, 1922, Vol. 24, pp. 451-496 
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